APPENDIX F
EVALUATION OF HUMAN HEALTH EFFECTSFROM FACILITY
ACCIDENTS

F.1 INTRODUCTION

This appendix presents the methodology and assumptions used for estimating potential impacts and risks
associated with both radiological and toxic chemical releases, due to postulated accidents, at the facilities
being considered for the treatment and management of sodium-bonded spent nuclear fuel. Analysis of
radiological impactsis presented in Section F.2. Thisisfollowed by a summary of the risk results for the
various alternatives. Chemical risk methodologies and results are presented in Section F.3. Information
regarding the impacts of normal operations, along with background information on the health impactsfrom
exposure to ionizing radiation, is provided in Appendix E.

F.2 IMPACTSOF RADIOLOGICAL ACCIDENTSON HUMAN HEALTH

Thissection addressestheradiol ogical impacts associated with accidentsat management facilities. Potential
accident scenarios have been identified for both the Argonne National Laboratory-West (ANL-W) and
Savannah River Site (SRS) facilities proposed for the treatment and management of sodium-bonded spent
nuclear fuel.

F.2.1 Overview of Methodology and Basic Assumptions

For the radiological evaluation, the GENII computer program (PNL 1988) was used to calculate radiation
doses to the general population and selected individuals. Appendix E provides the detailed description of
this code; therefore, only the GENII data specific to the accident analysis is presented in this appendix.

The impacts of radiation exposure were evaluated for the following popul ation segments for each accident
scenario:

» Noninvolved Worker—An individual located 100 meters (330 feet) from the radioactive material rel ease
point.! The dose to the noninvolved worker was cal cul ated for the 50" percentile meteorology only, as
specified in the U.S. Department of Energy (DOE) Hazard Categorization and Accident Analysis
Techniques Standard (DOE 1992). Noninvolved workerswould be exposed unprotected to the plumefor
alimited time (amaximum of 5 minutes), receiving exposure viainhalation, air immersion, and ground
surface pathways only.

» Maximally Exposed Offsite Individual—An individual member of the public living at the management
site boundary and receiving the maximum exposure. Thisindividual islocated directly downwind of the
accident and would be exposed to radioactivity via inhalation, ingestion, air immersion, and ground
surface pathways. The individual would be exposed to the plume for the entire release duration.

» Population—The general public living within an 80-kilometer (50-mile) radius of the facility, residing
directly downwind of the accident, and receiving the maximum exposure via inhalation, ingestion, air
immersion, and ground surface pathways.

'For elevated release, the worker dose was calculated at a point of maximum dose. The distance at which the maximum
dose could occur is frequently greater than 100 meters (330 feet) for an elevated release.
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The doses to the maximally exposed offsite individual and the general public were calculated for the 50" and
95" percentile meteorological conditions. Meteorology specific to ANL-W and SRS was used in the
evaluation. Site-specific meteorological datawasobtained intheform of ajoint frequency distributioninterms
of percentage of time that the wind blowsin specific directionsfor the given midpoint (or average) wind speed
and atmospheric stability. Accident consequences were calculated for both 50" and 95" percentile
meteorological conditions. The 50" percentile condition represents the median meteorological condition, and
is defined as that for which more severe conditions occur 50 percent of thetime. The 95" percentile condition
represents rel atively low-probability meteorological conditionsthat produce higher cal culated exposures, and
is defined as that condition not exceeded more than 5 percent of the time. GENII determines 50" and
95™ percentile meteorological conditions using site-specific joint frequency distribution weather data.

The following conditions were used in the calculations:
» Meteorological Data

— Site-specific joint frequency distribution weather data were used to define 50" and 95™ percentile
meteorological conditions for each processing technology at management sites.

— Any release through a stack was assumed to occur at an elevated level consistent with the site's
effluent emission stack height. The effects of plume rise were not credited in the analysis.

— Mixinglayer height is1,000 meters (3,280 feet). Airborne materialsfreely diffuseinthe atmosphere
near theground level inwhat isknown asthe“mixing depth.” A stable layer exists abovethe mixing
depth and restricts vertical diffusion above 1,000 meters (3,280 feet).

— Wetdepositioniszero (it wasassumed that no rain occursto accel erate deposition and reducethesize
of the area affected by the release).

— Dry deposition of the cloud was modeled. During movement of the radioactive plume, afraction of
the radioactive material in the plume is deposited on the ground due to gravitational forces. The
guantity of deposited radioactive material isproportional to the particle sizeand deposition vel ocities
(in meters per second). The deposited material contributes to the exposure from ground surface
radiation and ingestion.

e |nhaation Data

— Breathing rate is 330 cubic centimeters per second (0.7 cubic feet per minute) for the worker and the
general public at thesite boundary and beyond (maximally exposed offsiteindividual and population)
during the passage of the plume; it is 270 cubic centimeters per second (0.57 cubic feet per minute)
for the general public during the other times.

— Exposure during passage of the entire plume was assessed for the maximally exposed offsite
individual and the population. Exposure to the noninvolved worker is to a portion of the plume
(i.e., the noninvolved worker is exposed to the plume for a limited time) because the worker is
assumed to take emergency action.

— Inhalation exposure factors are based on the International Commission on Radiological Protection,
Publication 30 (ICRP 1982).

Exposure time assumptions for maximally exposed offsite individuals, workers, and the general public are
provided in Table F—1 below. Sinceall accident releases would beto the air (either gaseous or suspended
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particulates), drinking water, aguatic food ingestion, and any other pathways that may involve liquid
exposure were not examined. Additional information, common to the analysis of normal operation and
accident impacts, is presented in Appendix E.

Table F=1 GENII Plume and Soil Contamination Exposur e Parameter s (Postulated Accidents)

Maximally Exposed Offsite I ndividual General Population
Inhalation and External Exposure Inhalation and External Exposure
Breathing Rate Soil Breathing Rate Soil
Exposure Time | (cubic centimeters | Contamination Exposure (cubic centimeters Contamination
(hours) per second) (hours) Time (hours) per second) (hours)
100 percent of 330 6,136 100 percent of 330 6,136
releasetime release time

Source: PNL 1988.

Radiological impacts to noninvolved workers from postulated accident scenarios were evaluated at onsite
locations where a given incident would cause the highest dose. The noninvolved worker was assumed to
have an inhalation exposure time of 5 minutes and an external exposure time to soil contamination of 20
minutes. For aground-level release accident, anoninvol ved worker was assumed to be 100 meters (330 feet)
fromagivenrelease point; for an elevated rel ease, the worker was situated between 200 and 500 meters (660
and 1,640 feet), depending on the given site’s atmospheric dispersion characteristics. All doses to
noninvolved workers include a component associated with the intake of radioactivity into the body and
another component resulting from external exposure to direct radiation.

The radiation doses to individuals and the public resulting from exposure to radioactive releases were
calculated using the following potential pathways:

e Air immersion—External direct exposure from immersion in the airborne radioactive material

» Ground surface—Externa direct exposure from radioactive material deposited on the ground
 Inhalation—Internal exposure from inhalation of radioactive aerosols and suspended particles

* Ingestion—Internal exposure from ingestion of contaminated terrestrial food or animal products

The radiation doses were estimated by the GENII computer program, which uses the dose models
recommended by the International Commission on Radiological Protection in Publications 26 and 30
(ICRP 1977, ICRP 1982). Committed dose equivalents’ are calculated individually for organs such as the
gonads, breast, red bone marrow, lungs, thyroid, and bone surface; calculations are combined for the liver,
upper large intestine, lower large intestine, small intestine, and stomach. Weighting factors are used for
various body organsto cal cul ate wei ghted or committed effective dose equivalentsfrom radiation inside the
body due to inhalation or ingestion. The committed effective dose equivalent value is the sum of the
committed dose equivalent to a specific organ weighted by the relative risk to that organ compared to an
equivalent whole-body exposure. The deep-dose equivalent for the external exposure pathways (immersion
in the radioactive material and exposure to the ground contamination) and the 50-year committed effective
dose equivalent for the internal exposure pathways were calculated. The sum of the deep-dose equivalent
for external pathways and the committed effective dose equivalent for internal pathwaysis called the “total
effective dose equivalent,” or simply, the “total dose” in this environmental impact statement (EIS).

2The definitions of committed dose equivalents, committed effective dose equivalents, and total effective dose equivalents
are consistent with those given in 10 CFR Part 835, “ Occupational Radiation Protection; Final Rule.”
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The exposure from ingestion of contaminated terrestrial food or animal products is calculated on ayearly
basis. It is expected that continued consumption of contaminated food products by the public would be
suspended if the projected dose should exceed that of the protective action guidelines in a radiological
accident event (EPA 1991). No reduction of exposure because of protective actions or evacuation of the
public was accounted for inthisanalysis, however. This conservative approach may result in overestimating
health effects within an exposed population, but allows for consistent comparison between alternatives.

F.2.2 Selection of Facility Accidentsfor Detailed Evaluations

Thealternativesfor the treatment of sodium-bonded spent nuclear fuel assumethe use of facilities currently
in operation, although modificationsto SRS Building 105-L would be necessary beforeit could be used for
themelt and dilutealternative. The selection of accident scenarioswasbased onthose evaluated in the safety
analysis reports for the facilities.

Postul ated facility accident scenarioswere devel oped based on the review of theanalyzed accidentsin previous
safety analysis, risk assessment, and environmental assessment documents at ANL-W and SRS, where the
sodium-bonded spent nuclear fuel may be handled or processed. These documents include the following:

* Department of Ener gy Programmatic Spent Nuclear Fuel Management and | daho National Engineering
Laboratory Environmental Restor ation and Waste Management ProgramsFinal Environmental I mpact
Satement (DOE 19954)

* Environmental Assessment Electrometallurgical Treatment Research and Demonstration Projectinthe
Fuel Conditioning Facility at ANL-West (DOE 1996a)

* Fuel Cycle Facility Final Safety Analysis Report (ANL 1998a)
» Safety Analysis Report for the Hot Fuel Examination Facility (ANL 1998b)
* Accident Assessmentsfor |daho National Engineering Laboratory Facilities(Slaughterbeck et al . 1995)

» Safety Analysis-200 Area, Savannah River Ste F-Canyon Operation, F-Canyon SAR Addendum
(WSRC 1994)

» Savannah River Ste Soent Nuclear Fuel Management Final Environmental Impact Statement
(DOE 2000)

Based on this review of analyzed accident scenarios at ANL-W and SRS facilities that deal with sodium-
bonded spent nuclear fuel, a spectrum of potential accidents was identified. This process started with
systematically identifying initiating events, subsequent accident progressions, and onsite or offsite rel eases.
Then, based on accident initiators, selected accidents were grouped into the following three categories:

» Natural phenomena (e.g., earthquake, tornado)
» External events (e.g., aircraft crash)
* Process-related events (e.g., explosion, nuclear criticality, fire, spills)

The potentia process-rel ated events were further subdivided based on the impact the accident would have on the
accident release factors. High-energy events would be expected to damage some of the confinement barriers
provided inthefacility designand would result in rel easefactorsthat approach unity. Medium-energy eventscould
reduce the effectiveness of the barriers, but would not be expected to defeat them, while low-energy eventswould
have almost no impact on the ability of the confinement barriers to perform their function.
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A review of the accident scenarios indicated that only severe accident conditions (e.g., accidents involving
confinement failure) could resultinasignificant release of radioactivematerial to theenvironment or anincrease
in radiation levels. These severe accident conditions are associated with beyond-design-basis events,
combinations of events for which the facility was not specifically designed. While these events could have
conseguences|arger than those associ ated with design-basi sevents, their frequency isexpected to be much lower
than the design-basisevent frequency. Natural phenomena(e.g., earthquake) and fire accidents creating adirect
path for rel easesto the environment represent the situation with themost consequencesto the public. Sometypes
of accidents, such as procedureviolations, spillsof small quantities of material containing radioactive particles,
and most other types of common human error occur more frequently than the more severe accidents anayzed.
However, these accidents do not involve enough radioactive material or radiation to result in significant release
to the environment, although the impact to operational personnel may be as significant as that resulting from
beyond-design-basisevents. Theairborne particlesfromaprocess-rel ated accident would normally passthrough
at least one bank and possibly two to four banks of high-efficiency particulate air filters before entering the
environment. Spent nuclear fuel handling operationsare performedinside such confinement barriersashot cells
or canyon walls. The hot cells are equipped with significant safety features, such as an inert gas atmosphere,
pressure control, and heat detection. These features are credited when their operability is not compromised by
the sequence of events associated with the accident progression.

While severe accidents (also referred to as beyond-design-basis events) are expected to have the most
significant impact, that is, the highest consequences, on the population, these accidents may not have as
significant arisk impact on all receptors as higher-frequency, lower-consequence accidents. For thisreason,
higher-frequency accident scenarios were included in the accident analysis. Three categories of accidents
were identified, and at least one accident scenario for each category was selected for analysis. The three
categories consist of abnormal events (defined as events with a frequency of greater than 0.001 per year),
design-basis events (frequencies between 1 x 10° and 1 x 10° per year), and beyond-design-basis events
(frequencies lessthan 1 x 10, but limited to those greater than 1 x 107 per year).

Based on review of the existing facility analyses and on guidance provided by the U.S. Department of Energy
(DOE) in Section 6.9 of Recommendations for the Preparation of Environmental Assessments and
Environmental Impact Satements (DOE 1993a), the following types of accidents were selected for each
processing technology:

» Explosions
 Nuclear criticality
* Fire
 Earthquake

* Aircraft crash

* Spills/drops

Finally, no specific analyses of the results of terrorist or sabotage acts were considered. Thisis becausethe
existing security measures in effect at the management sites would essentially preclude any sabotage or
terrorist activity. Inaddition, any acts of terrorism would be expected to result in consequences that would
be bounded by the results of the accident scenarios selected for detailed evaluation.

F.2.2.1 Accident Scenario Descriptionsand Source Terms

Thissection describestheaccident scenariosand corresponding sourcetermsdevel oped for ANL-W and SRS.
The spectrum of accidents described bel ow was used to determine the incremental consequences (public and
worker doses) and risks associated with the treatment of sodium-bonded spent nuclear fuel at each site. These
accident scenarios are consistent with those evaluated in either the facility saf ety analysisreport, facility/site
environmental reports, or variousrelated DOE saf ety documents. Secondary accidentswere considered when
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identified in the safety documents. The selected documents were identified and referenced in each of the
accident scenariosdescribed. Wheninformationwasrequiredto further clarify theaccident condition, update
some of the parameters, or facilitate the evaluation process, additional assumptions were made. Sometimes
it wasnecessary to use different assumptionsthan those used in theref erenced report; theseareidentified al so.
For example, under the proposed action of this EIS, the material at risk during an earthquake can be different
than the materials considered in the facility safety analysisreport. This change in assumption is necessary
because the evaluations in this EIS focus only on the risk resulting from the implementation of alternatives
(anincremental risk) and, therefore, address only therisk associated with the treatment of the sodium-bonded
spent nuclear fuel. Cumulative risks can be determined by adding the incremental risks to the existing risks.

F.2211 SourceTerms
The sourceterm (or building source term) is the amount of respirable radioactive material that isreleased to
the air, in terms of curies or grams, assuming the occurrence of a postulated accident. The airborne source

termistypically estimated by the following five-component linear equation:

Sourceterm = MAR x DR x ARF x RF x LPF

where:
MAR = Materia at Risk (gramsor curies)
DR = DamageRatio
ARF = Airborne Release Fraction (or Airborne Release Rate for continuous rel ease)
RF = Regspirable Fraction
LPF =  Leak Path Factor

» Material at Risk—The materia at risk is the amount of radionuclides (in curies of activity or grams for
each radionuclide) avail ablefor rel ease when acted upon by agiven physical stress(i.e., an accident). The
material at risk is specific to a given process in the facility of interest. It is not necessarily the total
guantity of material present, but is that amount of material in the scenario of interest postulated to be
available for release.

» Damage Ratio—This is the fraction of material exposed to the effects of the energy, force, or stress
generated by the postulated event. For the accident scenarios discussed in this EIS, the value of the
damage ratio varies from 0.0001 to 1.

» Airborne Release Fraction—This is the fraction of material that becomes airborne due to the accident.
Inthisanalysis, airbornerel ease fraction valuesfrom the DOE Handbook on airbornerel easefractionsare
used (DOE 1994b).

» Respirable Fraction—This is the fraction of the material with a 10-micrometer (micron) or less
aerodynamic-equivalent diameter particle size that could be retained in the respiratory system following
inhalation. The respirable fraction values also are taken from the DOE Handbook on airborne release
fractions (DOE 1994b).

» LeakPath Factor—Theleak path factor accountsfor the action of removal mechanisms(e.g., containment
systems, filtration, deposition) to reduce the amount of airborne radioactivity that is ultimately released
to occupied spacesinthefacility or the environment. A leak path factor of 1 (i.e., noreduction) isassigned
in accident scenarios involving amajor failure of confinement barriers.
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F.2.21.2 Accident Scenario Descriptionsand Source Termsat ANL-W

Accident Scenario Descriptionsfor Electrometallurgical Treatment Processing—Theel ectrometallurgical
treatment processwould occur at the Fuel Conditioning Facility and the Hot Fuel Examination Facility at the
ANL-W site. This processisdetailed in Appendix C. The accident scenarios, identified in Table F—2 and
defined inthe following paragraphs, are applicable to the electrometallurgical treatment process as proposed
at ANL-W. This section also provides information addressing the material at risk and the various release
fractions used to determine the source term for each accident selected for analysis.

Table F—2 Selected Accident Scenariosfor Electrometallurgical Treatment Processing at ANL-W

Scenario Freguency (per year)

Process-related spills/drops

a  Salt powder spill 0.01

b. Caskdrop 0.01

c. St transfer drop 1x107
Transuranic waste fire 0.001
Explosion Not applicable
Design-basis earthquake 0.0002 2/ 0.008 °
Aircraft crash 6x107 tolx10°®
Nuclear criticality Less than 107
Beyond-design-basis earthquake 0.00001

& At the Fuel Conditioning Facility.
b At the Hot Fuel Examination Facility.

Each accident scenario description sets the condition of the accident and provides a summary of material
involved. Asstated earlier, some of these accident scenariosare generic, but their applications are consistent
with those evaluated in various ANL-W environmental and safety analyses. These scenariosinclude process-
specific as well as generic and process-independent accidents. Tables F-3 through F-8 provide summaries
of the accidents analyzed, the material at risk, and the release factors based on the fuel type expected to
producethe most significant consequences, typically either Experimental Breeder Reactor-11 (EBR-I1) blanket
or driver spent nuclear fuel, for each postul ated accident.

» Operational accident causing a salt powder spill in the Hot Fuel Examination Facility Main
Cell—Solidified electrorefiner saltissent fromthe Fuel Conditioning Facility to the Hot Fuel Examination
Facility for processinginto afinal ceramic wasteform. Itisbrought into the Hot Fuel Examination Facility
in solid form and ground. The grinder is located in the Main Cell on araised floor. In this accident
scenario, it wasassumed that during atransfer operation, the contents of aground salt container are spilled
into the pit beneath the floor. A portion of the salt powder becomes airborne and is carried through the
ventilation system to the high-efficiency particulateair filtersand rel eased through the building stack. The
rel ease was assumed to occur over aone-hour period. The frequency of this accident was set at 0.01 per
year, based on the Safety Analysis Report for the Hot Fuel Examination Facility (ANL 1998b).

To estimate the fission product inventory in the electrorefiner salt, the option of not blending fuel types
during electrorefining was used. The salt was assumed to come from the treatment of 5.56 metric tons of
heavy metal of EBR-II blanket spent nuclear fuel elements (Goff et al. 1999b) or 1.1 metric tons of heavy
metal of EBR-II driver spent nuclear fuel elements (Goff et al. 1999a), the point at which bulk replacement
of salt in the electrorefiner is required either when the sodium limit is reached or when the treatment of
each fuel typeis completed. For the fuel types selected to represent the driver and blanket spent nuclear
fuel, thefission product inventory in the salt would be conservative. Based on the Safety Analysis Report
for the Hot Fuel Examination Facility (ANL 1998b), the material at risk was assumed to be 100 kilograms
of ground salt containing the radionuclide concentrations as shown in Table F-3. Radionuclide
distributions were developed for both EBR-I1 driver and blanket spent nuclear fuel. The radionuclide
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distributions for driver and blanket spent nuclear fuel are based on an average plutonium concentration in
electrorefiner salt of 1.76 and 7.98 percent by weight, respectively (Goff et al. 1999aand 1999b). Portions
of the spilled salt would become airborne. The maximum measured value for the 3-meter (10-foot) free-
fall of dry cohesionless particles, with a mass median diameter of 1 to 2 microns, resultsin an airborne
rel easefraction of 0.002 and arespirablefraction of 0.3 (DOE 1994b). The median particle size of the salt
after grinding is approximately 200 microns, with only about 1 percent less than 20 micronsin diameter
(ANL 1999). Theanalysis, therefore, conservatively assumed that about 1 percent of theground salt would
have characteristics capable of resulting in the airborne release and respirabl e fractions identified above,
resultingin adamageratio of 0.01. The ventilation system and high-efficiency particulate air filterswere
assumed to function normally. The ventilation system consists of atwo-stage high-efficiency particulate
air filtration system were equivalent, with a first-stage high-efficiency particulate air filter efficiency of
99.9 percent and a second stage efficiency of 99 percent. Therefore, theleak path factor through the high-
efficiency particulate air filtersis 0.00001.

Table F-3 Material at Risk and Release Fraction Valuesfor a Salt Powder Spill Accident at

ANL-W
Material at Risk * Airborne Source Term (curies)
Blanket Driver ® [Damage| Release Respirable Leak Path
| sotope (curies) (curies) Ratio Fraction Fraction Factor Blanket Driver
Sr-90 580 35,000 0.01 0.002 0.3 0.00001 3.48x10® | 2.10 x 10°®
Y-90 580 35,000 0.01 0.002 0.3 0.00001 3.48x10® | 2.10 x 10°®
1-129 0.00104 0.0131 0.01 0.002 0.3 0.00001 6.24 x 10| 7.86 x 103
Cs-134 9.63 313 0.01 0.002 0.3 0.00001 578 x10°| 1.88 x 10°®
Cs-137 1,240 39,200 0.01 0.002 0.3 0.00001 7.44 x 10® | 2.35x 10°®
Ba-137M 1,180 37,100 0.01 0.002 0.3 0.00001 7.08 x 10® | 2.23 x 10°®
Ce-144 451 526 0.01 0.002 0.3 0.00001 2.71x10° | 3.16 x 10°®
Pr-144 451 526 0.01 0.002 0.3 0.00001 2.71x10° | 3.16 x 10°®
Pm-147 292 14,700 0.01 0.002 0.3 0.00001 1.75x 10% | 8.82 x 107
Sm-151 71.9 948 0.01 0.002 0.3 0.00001 4.31x10° | 5.69 x 108
Eu-154 5.28 101 0.01 0.002 0.3 0.00001 3.17x 10%° | 6.06 x 10°
Eu-155 34.6 677 0.01 0.002 0.3 0.00001 2.08 x10° | 4.06 x 10°®
Th-228 0.000111 0.0091 0.01 0.002 0.3 0.00001 6.66 x 10%° | 5.48 x 103
Np-237 0.00602 0.0513 0.01 0.002 0.3 0.00001 3.61x10%|3.08 x 10*2
Pu-238 6.44 66.8 0.01 0.002 0.3 0.00001 3.86 x 10%° | 4.01 x 10°
Pu-239 517 108 0.01 0.002 0.3 0.00001 3.10 x 10® | 6.48 x 10°
Pu-240 355 3.67 0.01 0.002 0.3 0.00001 2.13x10° | 2.20 x 10
Pu-241 144 8.93 0.01 0.002 0.3 0.00001 8.64 x 10° | 5.36 x 10
Am-241 11.7 0.0694 0.01 0.002 0.3 0.00001 7.02x10%° | 4.16 x 10*2
Am-242M 0.121 0.0000588 0.01 0.002 0.3 0.00001 7.26 x 102 | 3.53 x 10%°

a
b

Radionuclide inventory from Appendix D.

Use of datacontained in the draft report (Goff et al. 1999a) for the driver spent nuclear fuel resultsin higher material -at-risk values
for most isotopes presented in Table F-3 compared to datain thefinal report (Goff et al. 1999b). Therefore, these material-at- risk
estimates were not revised to reflect datain the final report.

Cask drop and gaseous fission product release—Spent nuclear fuel casks would be handled frequently
when the sodium-bonded fuel isprocessed. (Spent nuclear fuel handling at the ANL-W siteisnot limited
tothat associated with the treatment of the sodium-bonded spent nuclear fuel. Theaccident discussed here
is intended to address only that portion of the handling activity that can be directly attributed to the
treatment of sodium-bonded spent nuclear fuel.) Spent nuclear fuel stored in the Radioactive Scrap and
Waste Facility would be transferred to the Fuel Conditioning Facility for processing. Spent nuclear fuel
would bereceived from off site at the Hot Fuel Examination Facility and would be transferred to the Fuel
Conditioning Facility for processing. The HFEF-5 cask would be used to move EBR-I11 driver and blanket
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spent nuclear fuel from the Radioactive Scrap and Waste Facility to the Fuel Conditioning Facility. The
postulated accident is described in the Safety Analysis Report for the Hot Fuel Examination Facility
(ANL 1998b). The accident involvesacask dropped during unloading, resulting in seal and fuel cladding
failure sufficient to release gaseous and volatile fission products to the atmosphere. The drop could be
initiated by failure of lifting equipment, slings, hooks, cables, or human error by the lifting equipment
operator. The cask drop was assumed conservatively to result in an unfiltered release of gaseous and
volatilefission products. Thereleasewasassumed to beapuff releaseat ground level. Dropping of casks,
whilerare, isneverthel ess categorized as anticipated, since such events have happened in the past and may
be expected to occur over thelifetime of thefacility. The frequency of cask dropping was assumed to be
0.01 per year, consistent with that used in the Safety Analysis Report for the Hot Fuel Examination
Facility.

The HFEF-5 cask can contain two EBR-II driver spent nuclear fuel assemblies. It was assumed
conservatively that the equival ent of one assembly (61 elements) failsintheaccident. Thematerial at risk,
as shown in Table F—4, would be the equivalent of one EBR-II driver or blanket spent nuclear fuel
assembly. The damage ratio for the failed elements was assumed to be 1, since all gaseous and volatile
fission products conservatively could be released to the cask following cladding failure. The airborne
release and respirable fractions for gases were each assumed to be 1, and 1 x 107 for cesium from the
dislodgement of surface contamination (DOE 1995a). The accident was assumed to occur outdoors, with
aleak path factor of 1.

Table F4 Material at Risk and Release Fraction Valuesfor a Cask Drop Accident at ANL-W
Material at Risk? Source Term (curies)
Blanket Driver |Damage| Airborne Release | Respirable | Leak Path
| sotope (curies) (curies) Ratio Fraction Fraction Factor Blanket Driver
H-3° 0.335 517 1 1 1 1 0.335 517
Kr-85 2.44 79.4 1 1 1 1 2.44 79.4
Cs134 0.63 7.39 1 1.0x 107 1 1 6.30 x 10 7.39x 107
Cs-137 813 928 1 1.0 x 107 1 1 8.13x 10° 0.0000928

a
b

Data for one assembly based on Appendix D curie content data.

It was assumed that 1 percent of this release becomes oxidized.

» Salt transfer drop during movement from the Fuel Conditioning Facility to the Hot Fuel Examination

Facility—Solidified electrorefiner salt is sent from the Fuel Conditioning Facility to the Hot Fuel
Examination Facility for processinginto afinal ceramic wasteform. Itistransferredinlarge chunkswithin
the HFEF-5 cask. Transfer is via forklift or truck. In this scenario, a severe vehicle accident occurs,
resulting in abreach of theinner and outer salt container. The accident could be caused by operator error
or equipment failure. The accident is considered beyond-design-basis because of the durability of the
shielded HFEF-5 canister. There would be over 200 transfers of salt from the Fuel Conditioning Facility
to the Hot Fuel Examination Facility. A probability of 1 x 107 wasassumed. Therelease occurs at ground
level with aduration of one hour.

Table F-5 providesthe isotopic material at risk for atotal material at risk of 20 kilograms of salt. The salt
isinchunks (i.e., ice cube-size) and is not combustible. No significant rel ease was assumed from the large
pieces. Some of the salt pieceswould experience brittle fracture and release particul ates. A brittlefracture
particulate fraction for solidified salt would be 0.0001 for particles less than 10 microns in diameter
(ANL 1998b); therefore, adamageratio of 0.0001 wasassumed. Conservatively, the sameairbornerel ease
fraction and respirablefraction valueswere used for this scenario asfor the salt powder spill inthe Hot Fuel
Examination Facility Main Cell; that is, the airborne rel ease fraction for powder is0.002 and the respirable
fraction is 0.3 (DOE 1994b). The accident occurs outdoors; therefore, the leak path factor is 1.
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Table F-5 Material at Risk and Release Fraction Valuesfor a Salt Transfer Drop Accident

at ANL-W
Material at Risk ® L eak Source Term (curies)
Blanket Driver Damage |AirborneRelease | Respirable Path
| sotope (curies) (curies) Ratio Fraction Fraction Factor Blanket Driver

Sr-90 116 7,000 0.0001 0.002 0.3 1 6.96 x 10° | 0.000420
Y-90 116 7,000 0.0001 0.002 0.3 1 6.96 x 10° | 0.000420
1-129 0.000207 | 0.00261 0.0001 0.002 0.3 1 1.24 x 10| 1.57 x 10
Cs134 1.92 62.5 0.0001 0.002 0.3 1 1.15x 107 | 3.75x 10°®
Cs-137 249 7,850 0.0001 0.002 0.3 1 0.0000149 0.000471
Ba-137M 236 7,420 0.0001 0.002 0.3 1 0.0000142 0.000445
Ce-144 9.02 105 0.0001 0.002 0.3 1 541 x107 | 6.30x 10°
Pr-144 9.02 105 0.0001 0.002 0.3 1 5.41x107 | 6.30x 10°
Pm-147 58.5 2,930 0.0001 0.002 0.3 1 3.51x 10°% | 0.000176
Sm-151 14.4 190 0.0001 0.002 0.3 1 8.64 x 107 | 0.0000114
Eu-154 1.06 20.1 0.0001 0.002 0.3 1 6.36 x 108 | 1.21 x 10°®
Eu-155 6.91 135 0.0001 0.002 0.3 1 4.15x 107 | 8.10x10°
Th-228 0.0000223 | 0.00183 0.0001 0.002 0.3 1 1.34x10% | 1.10 x 100
Np-237 0.00120 0.0103 0.0001 0.002 0.3 1 7.20x 10| 6.18 x 100
Pu-238 1.29 134 0.0001 0.002 0.3 1 7.74x10% | 8.04x 107
Pu-239 103 21.6 0.0001 0.002 0.3 1 6.18 x 10° | 1.30 x 10°®
Pu-240 7.11 0.733 0.0001 0.002 0.3 1 427 x107 | 4.40x 10°®
Pu-241 28.8 1.79 0.0001 0.002 0.3 1 1.73x10% | 1.07 x 107
Am-241 2.34 0.0139 0.0001 0.002 0.3 1 1.40 x 107 | 8.34 x 100
Am-242M 0.0243 [0.0000118 0.0001 0.002 0.3 1 1.46x10° | 7.08 x 107

& The material at risk is theisotopein 20 kilograms of salt, which is 20 percent of the values given in Table F-3.

» Transuranicwastefire—Transuranic wasteisgenerated asaresult of treatment operations, aswell asother

operations, at ANL-W. This waste is placed in containers and temporarily stored (staged) at ANL-W
pending shipment to the Radioactive Waste Management Complex. A fire was postulated to occur in a
1.2 x 1.2 x 2.4-meter (4 x 4 x 8-foot) solid transuranic waste box because of spontaneous combustion,
pyrophoric material, vehicle accident, electrical failure, or poor housekeeping. The fire consumes the
contents of one box of transuranic waste. The accident was assumed to occur outdoors during handling.
The release occurs at ground level over one hour. The Final Safety Analysis Report for the Fuel
Conditioning Facility assigned an accident frequency in the range of 0.0001 to 0.01 (ANL 1998a). Here,
the accident was assumed to have a frequency of 0.001 per year.

Themateria at risk, as shown in Table F-6, was assumed to be one box of transuranic waste. Thewaste
boxesareloaded with 1/20th of 0.34 curies of alphaactivity, asdescribed in the Fuel Conditioning Facility
Final Safety Analysis Report (ANL 1998a). The material at risk is 0.017 curies of transuranic nuclides,
with the nuclide distribution associated with the generic contents of a transuranic waste container. The
damage ratio was assumed to be 1, since al waste in the container was assumed to be involved in thefire.
An airborne release fraction of 0.0005 and arespirable fraction of 1 for burning of surface contaminated
wastewas used (DOE 1994b). Theleak path factor wasassumed to be 1. No credit wastaken for building
confinement.
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Table F—6 Material at Risk and Release Fraction Valuesfor a Transuranic Waste Fire Accident

at ANL-W
Material at Risk * Damage | Airborne Release Respirable Leak Path | Source Term
| sotope Curies Ratio Fraction Fraction Factor (curies)
Pu-238 0.000153 1 0.0005 1 1 7.67 x 108
Pu-239 0.0123 1 0.0005 1 1 6.15 x 10
Pu-240 0.000846 1 0.0005 1 1 4.23x 107
Pu-241 0.00343 1 0.0005 1 1 1.72 x 10°®
Am-241 0.000266 1 0.0005 1 1 1.33 x 107

& The material at risk isfor a generic waste package, not for any specific spent nuclear fuel.

Design-basis earthquake - multifacility effects—In the Fuel Conditioning Facility, the argon cell contains
the equipment for processing sodium-bonded spent nuclear fuel into salt and metallic waste forms and a
uraniummetal product. All operationsinvolving barefuel areconducted intheargon cell becausetheinert
atmosphere precludes pyrophoric metal fire. Fire cannot occur unless sufficient oxygen enters the cell
through a cell breach. The walls, ceiling, and floor of the argon cell are constructed from reinforced
concrete with thicknesses ranging from 1.2 to 1.5 meters (4 to 5 feet). It also has agas-tight steel lining.
It was assumed that the accident occurs during electrometallurgical treatment operations. Chopped fuel,
electrorefiner salts, cathodes, and anodesare all present in the argon cell. Consistent with the assumption
given in the Fuel Conditioning Facility Safety Analysis Report, a design-basis earthquake at this facility
would result in a cell breach and in-leakage of air. Theair in the cell would cause pyrophoric metals to
ignite and burn. The Final Safety Analysis Report for the Fuel Conditioning Facility (ANL 1998a)
identifies the seismic design goal for the facility to be the ability to withstand a 0.21 g design-basis
earthquake. Thiseventisidentified as having areturn frequency of 0.0002 per year. At this earthquake
level, the electrorefiners are seismically qualified, and no spill of molten salt would occur. The safety
exhaust system also would remain operational, although breaches could occur in the argon cell boundary
after adesign-basisearthquake. Thesafety exhaust building, whichincludesthehigh-efficiency particulate
air filters, is designed to withstand an earthquake of 0.24 g, and was assumed to function as designed,
filtering the cell atmosphere prior to release through the Fuel Conditioning Facility stack.

Inthe Hot Fuel Examination Facility, grinding of salt into powder wasassumedto beoccurringintheMain
Cell. The grinder islocated in the Hot Fuel Examination Facility Main Cell on araised floor consisting
of steel platesresting on supports. Underneath the floor is a2.4-meter-deep (8-foot-deep) pit that houses
the ventilation ductwork and high-efficiency particulate air filters. At the Hot Fuel Examination Facility,
adesign-basi s earthquake was assumed to cause the vessel containing ground salt to topple and the powder
to spill out. Since the ventilation system was not seismically qualified, it was assumed to fail and result
in an unfiltered release. It also was assumed that the design-basis earthquake would cause a loss of
electrical power, whichwouldresult infailure of the ventilation system. TheMain Cell breachesat piping
or ventilation penetrations, providing a release path for the suspended powder. The releases occur over
aone-hour period, and were modeled as a ground-level release.

The Hot Fuel Examination Facility has been analyzed for a0.14 g design-basis earthquake, an event with
a return frequency of 0.001 per year and a performance goal of 0.0001 per year. The functionality of
equipment after a0.14 g earthquake has not been determined asyet. However, all major systemsremained
functional during the 0.03 g Borah earthquakein 1983, an event with areturn frequency of 0.008 per year.
Whileit is expected that the equipment would survive a0.14 g earthquake with afrequency of 0.001 per
year, the 0.008 per year earthquakefrequency (ANL 1998b) was used conservatively to represent the upper
bound of the design-basis earthquake, which would result in a salt powder spill and the failure of the
ventilation system. This frequency is nearly two orders of magnitude higher than that corresponding to
a0.21 g earthquake that could impact both the Hot Fuel Examination Facility and the Fuel Conditioning
Facility. Therefore, 0.008 per year was used for the design-basis earthquake accident frequency for the
Hot Fuel Examination Facility.
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In the Fuel Conditioning Facility, the material at risk is chopped spent nuclear fuel and uranium in two
electrorefiner cathodes in the argon cell at the time of the accident. Table F—7 provides material-at-risk
valuesfor the isotopes of concern. The bounding inventory is 20 kilograms (44 pounds) of chopped fuel
and the uranium in two solid electrorefiner cathodes (ANL 1998a). The solid cathodes contain 17
kilograms (37 pounds) of uranium. (Uranium is considered a toxic chemical in the chemical accident
assessment, Section F.3.) Thematerial at risk is, therefore, the 20 kilograms (44 pounds) of chopped spent
nuclear fuel. For themetal fireintheargon cell, the damage ratio was assumed to be 1, since all materials
in the material at risk are released to the cells in the accident. For the Fuel Conditioning Facility, the
airborne release fraction values are 1 for krypton-85, 0.00025 for cesium, and 2.5 x 10 for strontium,
uranium, and the transuranic waste nuclides; therespirablefractionsareeach 1 (DOE 1995a). For the Fuel
Conditioning Facility, the safety exhaust system remains functional, and the release is filtered through
high-efficiency particulate air filters. A leak path factor of 0.00001 was assumed for all particulates.

Table F—7 Material at Risk and Release Fraction Valuesfor a Design-Basis Earthquake at ANL-W

Material at Risk #

Source Term (curies)

Airborne Leak
Blanket Driver | Damage | Release |Respirable| Path
Accident | sotope (curies) (curies) Ratio |Fraction | Fraction | Factor Blanket Driver
Design-basis Sr-90 580 35000 | 001 | 00020 | 030 | 0.25 | 0.000435 | 0.0263
gttg%‘;vag; asf;)fi"” Y-90 580 35000 | 001 | 00020 | 030 | 0.25 | 0.000435 | 0.0263
+ the Hot Fuel 1-129 000104 | 00131 | 001 | 00020 | 030 | 0.125 |7.80x 10| 9.83 x 10°
Examination Cs 134 9.63 313 001 | 00020 | 030 | 0125 |7.22x10°| 0.000235
Facility Cs137 1240 | 39200 | 001 | 00020 | 030 | 0.125 | 0.000930 | 0.0294
Bal3’M | 1,180 | 37,000 | 001 | 0.0020 | 030 | 0125 | 0.000885 | 0.0278
Ce 144 451 526 001 | 00020 | 030 | 0125 |0.0000338 | 0.000395
Pr-144 45.1 526 001 | 00020 | 030 | 0.125 |0.0000338 | 0.000395
Pm-147 292 14700 | 001 | 00020 | 030 | 0.125 | 0000219 | 0.0110
Sm-151 719 948 001 | 00020 | 030 | 0.125 |0.0000539 | 0.000711
Eu-154 528 101 001 | 00020 | 030 | 0.125 |3.96x10° | 0.0000758
Eu-155 346 677 001 | 00020 | 030 | 0.125 |0.0000260 | 0.000508
Th-228 | 0.000111 | 0.00913 | 001 | 0.0020 | 030 | 0.125 |8.33x 10" | 6.85 x 10°
Np-237 | 0.00602 | 0.0513 | 001 | 0.0020 | 030 | 0125 |4.51x10°| 3.85x 10°
Pu-238 6.44 66.8 001 | 00020 | 030 | 0.125 |4.83x10°| 0.0000501
Pu-239 517 108 001 | 00020 | 030 | 0.125 | 0.000388 | 0.0000810
Pu-240 355 3.67 001 | 00020 | 030 | 0.125 |0.0000266 | 2.75 x 10°
Pu-241 144 8.93 001 | 00020 | 030 | 0.125 | 0.000108 | 6.70 x 10°
Am-241 117 00694 | 001 | 00020 | 030 | 0.125 |878x10°| 521 10°
Am242M | 0121 |0.0000588| 001 | 0.0020 | 030 | 0.125 |9.08x 10° | 4.41x 10
Design-basis H-3 0.142 24.4 1 1 1 1 0.142 24.4
fnagglq#?‘é?na?ﬁe C-14 0.00119 | 3,980 1 |25x10°| 1 0.00001 [2.99 x 10| 9.95 x 10°
Fuol Fe55 1.80 97.4 1 |25x10°| 1 0.00001 |4.51 x 107 | 2.44 x 10°
Conditioning Co-60 0.318 9.62 1 2.5x10° 1 0.00001 (7.95x 10™2| 2.41 x 10
E;‘f””y argon Ni-63 0.0612 458 1 |25x10°] 1 0.00001 | 1.53 x 102 | 1.15 x 10
Kr-85 1.04 378 1 1 1 1 104 378
Sr-90 16.1 3,940 1 |25x10°| 1 0.00001 |4.04 x 10| 9.85 x 10°
Y-90 16.1 3,040 1 |25x10°| 1 0.00001 |4.04 x 10| 9.85 x 10°
Ru-106 2.70 302 1 | 0.00025 1 0.00001 | 6.75 x 10° | 7.55 x 10°
Rh-106 2.70 302 1 |25x10°| 1 0.00001 [6.75 x 107 | 7.55 x 10%°
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Material at Risk ® Airborne Leak Source Term (curies)
Blanket Driver | Damage | Release |Respirable| Path
Accident | sotope (curies) (curies) Ratio |Fraction | Fraction | Factor Blanket Driver

Design-basis Cd-113M 0.0142 0.928 1 25x10° 1 0.00001 [3.56 x 10| 2.32 x 10
(ranagglq#?le(?na?i?e Sb-125 0.462 59.2 1 |25x10°] 1 0.00001 | 1.16 x 10 | 1.48 x 10°
Fuel Te-125M 0.190 24.6 1 25x10° 1 0.00001 (4.76 x 10™?| 6.15 x 10

Conditioning 1-129 0.0000288 | 0.00147 1 1 1 1 0.0000288 | 0.00147
Egﬁi '(ggnat‘r g;’“ Cs134 0.268 35.2 1 | 0.00025 1 | 000001 [6.70 x 107 | 8.80 x 10°
Cs-137 34.6 4,420 1 0.00025 1 0.00001 | 8.65x 10® | 0.0000111
Ba137M 32.8 4,180 1 2.5x10° 1 0.00001 [8.20 x 10| 1.05 x 107
Ce-144 1.25 59.2 1 25x10° 1 0.00001 |3.14 x 10™ | 1.48 x 10°
Pr-144 1.25 59.2 1 25x10° 1 0.00001 [3.14 x 10| 1.48 x 10°
Pm-147 8.14 1,650 1 2.5x10° 1 0.00001 [2.04 x 10%°| 4.13 x 10°®
Sm-151 2.00 107 1 2.5x10° 1 0.00001 [5.00 x 10| 2.67 x 10°
Eu-154 0.147 11.3 1 25x10° 1 0.00001 [3.67 x 10*2| 2.84 x 10%°
Eu-155 0.962 76.2 1 25x10° 1 0.00001 [2.41x 10™] 1.91 x 10°
Th-228 |3.10x10°| 0.00103 1 25x10° 1 0.00001 [7.75x 10" | 2.57 x 10
U-234 0.0000266 | 0.808 1 2.5x10° 1 0.00001 |6.65x 10" | 2.02 x 10
U-235 0.0000754| 0.0262 1 2.5x10° 1 0.00001 [1.89 x 10™ | 6.55 x 10
U-236 0.0000848 | 0.0242 1 2.5x10° 1 0.00001 (2.12 x 10™ | 6.05 x 10
U-238 0.00654 | 0.00222 1 2.5x10° 1 0.00001 [1.64 x 10| 5,55 x 10
Np-237 |2.60 x 10°| 0.00578 1 25x10° 1 0.00001 [6.50 x 10| 1.45x 10
Pu-238 0.188 3.32 1 2.5x10° 1 0.00001 (4.70 x 10™?| 8.30 x 10
Pu-239 15.1 5.38 1 2.5x10° 1 0.00001 [3.77 x 10| 1.35x 10"
Pu-240 1.04 0.182 1 2.5x10° 1 0.00001 [2.59 x 10™ | 4.56 x 102
Pu-241 4.20 0.444 1 2.5x10° 1 0.00001 [1.05x 10| 1.11 x 10
Am-241 0.326 0.00782 1 2.5x10° 1 0.00001 (8.15x 10™?| 1.96 x 10
Am-242M | 0.00338 |6.62 x 10°® 1 2.5x10° 1 0.00001 [8.45x 10| 1.66 x 10™®

| & Radionuclide inventory from Appendix D.

During the postulated event, 100 kilograms (220 pounds) of solidified salt powder with the same
concentration of radionuclides as described previously for the salt powder spill accident are assumed to
be spilled in the Hot Fuel Examination Facility Main Cell. Aspreviously discussed, inasalt powder spill,
lessthan 1 percent of the salt would havethe characteristics capable of resultinginanairbornerelease, i.e.,
a damage ratio of 0.01 was used. For the powder spill within the cell, an airborne release fraction of
0.002 and arespirabl efraction of 0.3 wereassumed (DOE 1994b). Thesearethe samevaluesasthose used
for the salt powder spill accident described previously. The Hot Fuel Examination Facility leak path for
the release is through three enclosures before reaching the outside: the Main Cell, ducts and pipes, and
the building. Consistent with the facility safety analysis report assumption, aleak path factor of 0.5 was
assigned to each enclosurefor plate-out and settling of the airborne powder. Therefore, thetotal leak path
factor is0.5x 0.5 x 0.5=0.125.

Aircraft crash—The potential for an aircraft crash was evaluated. The methodology for evaluating the
likelihood of an aircraft crash is documented in the DOE Standard: Accident Analysisfor Aircraft Crash
into Hazardous Facilities (DOE 1996c). At Idaho National Engineering and Environmental Laboratory
(INEEL), the probabilitiesof asmall and largeaircraft crash are 2.3 x 10 and 1.0 x 10°® crashes per square
kilometer (9 x 10° and 4 x 10" crashes per square mile) per year, respectively. Using guidance in this
DOE standard, the effective area of the Fuel Conditioning Facility was cal culated accounting for aircraft
wing span and potential skid distance. The effective area of the Fuel Conditioning Facility isabout 0.078
squarekilometers (0.03 square miles) for alargeaircraft, and 0.018 sguare kilometers (0.007 square miles)
for a small aircraft. The effective area of the Fuel Conditioning Facility is conservative because the
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combined area of theair and argon cells, where the hazardous materials are contained, is smaller than the
total areaof the building. Multiplying the effective areaby INEEL -specific crash rates gives an estimated
probability of acrash into the Fuel Conditioning Facility of 1 x 10®for largeaircraft and 6 x 107 for small
aircraft. Comparable probabilities are applicable to the Hot Fuel Examination Facility. A large aircraft
crash is not reasonably foreseeable, and given the 1.2 to 1.5-meter-thick (4 to 5-foot-thick) walls of the
cells and the “buffer” provided by the building exterior walls, the crash of asmall aircraft is unlikely to
result in any damage to the cells. Damage from the more probabl e seismic events analyzed is considered
to bound the damage that could result from a small aircraft crash. Also, seismic events affect more than
one facility, while an aircraft crash could affect only one facility. Therefore, an aircraft crash was not
analyzed separately.

» Nuclear criticality—Thepotential for anuclear criticality wasconsidered intheaccident analysis. Nuclear
criticality has been evaluated in the saf ety analyses documented for the ANL-W facilities, asrequired by
DOE. The existing safety analyses conclude that nuclear criticality is beyond the design-basis of the
facilitiesproposed for theelectrometallurgical treatment alternativeand, therefore, hasaprobability of less
than 1 x 10 per year. This conclusion is based on alack of nuclear moderator materials, equipment
design, andinventory controls, aswell asnumerousother administrative control sand operating procedures.
The intent of the process is to dilute, rather than concentrate, fissile materials. Fuel storage racks and
processing equipment are designed to maintain their safety function during the design-basi s earthquake.
Even in a beyond-design-basis earthquake (maximum frequency of 0.00001 per year), nuclear materials
would have to cometogether in anideal critical array for criticality to be possible. For example, it would
require more than the equivalent of 10 EBR-II driver spent nuclear fuel assemblies (610 individual
elements) in an ideal geometric configuration to create a potential criticality hazard. During processing,
some fuel would be stored in the hot cells. Thisfuel is stored in the storage cans within the floor storage
pits. The floor storage pits are evenly spaced 61 centimeters (2 feet) from the center, located almost
entirely on a 3-meter-thick (10-foot-thick) hot cell concrete floor. These pits are designed to maintain
criticality-safe configurations under all normal and design-basis abnormal conditions, including adesign-
basis earthquake (ANL 1998a). An evaluation of earthquake loading has concluded that no uplifting of
the hot cell floor would occur in a beyond-design-basis earthquake of 0.3 g peak ground acceleration
(corresponding to an earthquake frequency of 0.00001 per year) (ANL 1999). Therefore, the conditional
probability of creating a criticality hazard configuration, given a beyond-design-basis earthquake, was
estimated to be no greater than 0.01. Therefore, criticality isnot considered to be reasonably foreseeable,
and was not analyzed quantitatively.

» Beyond-design-basis earthquake—This scenario is similar to the design-basis earthquake except that the
safety exhaust system was not assumed to function at the Fuel Conditioning Facility, and an eectrorefiner
was assumed to spill its molten salt. Also, since spent nuclear fuel elements are stored in both the Fuel
Conditioning Facility and the Hot Fuel Examination Facility, afraction of stored fuel elementswere assumed
toexperiencecladding failure and rel ease of gaseousand volatilefission products. All releasesweremodeled
asground-level releases. The Fuel Conditioning Facility horizontal acceleration design-basisis0.21 g, and
the newer safety equipment building is designed for a 0.24 g horizontal acceleration. A 0.24 g peak
acceleration corresponds to an earthquake frequency at ANL-W of approximately 0.0001 per year
(WCFS 1998). The Fuel Conditioning Facility natural phenomena hazard performance goa is afrequency
of 0.00001 (DOE 1994a). (The Hot Fuel Examination Facility performance goal is 0.0001.) The
performance goal can beinterpreted as the frequency level at which facility damage will initiate. The Fuel
Conditioning Facility and safety exhaust system are not expected to suffer damage from earthquakes with
frequencies higher than this. Therefore, the upper bound for the beyond-design-basi s earthquake frequency
was assumed to correspond to the frequency of the performance goal, 0.00001per year.

The material at risk, provided in Table F-8, would be the same as for the design-basi s earthquake, with
the addition of the salt in the electrorefiners and the fuel elementsand subassembliesin storage. Although
theelectrorefinersareseismically qualified, oneof thetwo el ectrorefinersinthe Fuel Conditioning Facility
argon cell was assumed conservatively to spill its molten salt. It was assumed that approximately
700kilograms (1,540 pounds) of salt arefully loaded with radi onuclidesfromthe processing of 5.56 metric
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tons of heavy metal of blanket spent nuclear fuel elements or 1.1 metric tons of driver spent nuclear fuel
elements and are about to be replaced at the time of the accident. The damage ratio for al but the fuel
assembliesin storage was assumed to be 1, asin the design-basis earthquake. Both the blanket and driver
spent nuclear fuel elements are stored in racks with the cladding intact. In the earthquake, some could be
expected tofall out of theracksor be hit by falling debris, but it is not reasonableto assume all assemblies
would be damaged. It was assumed that 10 percent of the elements stored in the cells at the time of the
earthquake experience cladding failure and release gaseous and volatile fission products. For the driver
spent nuclear fuel elements, thisisthe equivalent of 12 driver assemblies (or 50 kilograms [110 pounds]
of heavy metal). Ten percent of the stored blanket elements is the equivalent of 370 kilograms (771
pounds) of heavy metal. The airborne release fraction and respirable fraction values are the same as for
the design-basis earthquake, with the addition of krypton and cesium from the failed EBR-II driver and
blanket fuel. The airborne release fraction and respirable fraction values for krypton and tritium (H-3),
both elementsin the gaseous state, are each 1. For the molten salt spill, the airborne release fraction and
respirable fraction values for viscous solutions (DOE 1994b) were used: 4 x 10° (0.0004 for iodine and
cesium) for the airbornerelease fraction and 0.8 for therespirablefraction. Theforcesassociated withthe
beyond-design-basis earthquake were assumed to result in the failure of confinement integrity. Thecells
were assumed to experience major failure, and the release would be directly to the atmosphere. The leak
path factor is 1.

Table F-8 Material at Risk and Release Fraction Valuesfor a Beyond-Design-Basis Earthquake

at ANL-W
Material at Risk? Airborne Leak | SourceTerm (curies)
Blanket Driver Damage | Release |Respirable| Path
Accident | sotope (curies) (curies) Ratio Fraction | Fraction | Factor | Blanket Driver
Beyond-design- Sr-90 580 35,000 0.01 0.002 0.3 1 0.00348 0.21
basis earthqueke ™y gq 580 35,000 0.01 0.002 03 1 0.00348 0.21
and salt powder
spill in the 1-129 | 0.00104 | 0.0131 0.01 0.002 0.3 1 |6.24x10°| 7.86 x 10°
Hot Fuel Cs-134 9.63 313 0.01 0.002 0.3 1 [0.0000578 | 0.00188
E;‘Cai'm;‘a“on Cs 137 1240 | 39,200 0.01 0.002 03 1 0.00744 0.235
Bal137M | 1,180 | 37,100 0.01 0.002 0.3 1 0.00708 0.223
Ce-144 45.1 526 0.01 0.002 0.3 1 | 0000271 | 0.00316
Pr-144 45.1 526 0.01 0.002 0.3 1 | 0000271 | 0.00316
Pm-147 292 14,700 0.01 0.002 0.3 1 0.00175 | 0.0882
Sm-151 71.9 948 0.01 0.002 0.3 1 | 0000431 | 0.00569
Eu-154 5.28 101 0.01 0.002 0.3 1 |0.0000317 | 0.000606
Eu-155 346 677 0.01 0.002 0.3 1 | 0000148 | 0.00406
Th-228 | 0.000111 | 0.00913 | 0.01 0.002 0.3 1 |6.66x 10| 5.48 x 10°
Np-237 | 0.00602 | 0.0513 0.01 0.002 0.3 1 |361x10°] 3.08x 107
Pu-238 6.44 66.8 0.01 0.002 0.3 1 [0.0000386 | 0.000401
Pu-239 517 108 0.01 0.002 0.3 1 0.00310 | 0.000648
Pu-240 355 3.67 0.01 0.002 0.3 1 | 0000213 | 0.000022
Pu-241 144 8.93 0.01 0.002 0.3 1 | 0.000864 | 0.0000536
Am-241 117 0.0694 0.01 0.002 0.3 1 |0.0000702 | 4.16 x 107
Am-242M | 0.121 |0.0000588 | 0.01 0.002 0.3 1 |[7.26x107|353x 107
Beyond-design- H-3 0.142 24.4 1 1 1 1 0.142 24.4
basis earthquake [ C.14 0.00119 | 3,980 1 2.5 x 10° 1 1 [299x10°| 0.00995
fﬁg;ﬂﬁa' firein o8 1.80 97.4 1 25x10° 1 1 |451x10°| 0.000244
Conditioning Co-60 0.318 9.62 1 25x10° 1 1 |7.95x 107 | 0.0000241
Facility argon Ni-63 0.0612 458 1 2.5x 10° 1 1 |153x107| 0.00115
cell Kr-85 1.04 378 1 1 1 1 104 378
Sr-90 16.1 3,940 1 25x10° 1 1 |0.0000404 | 0.00985
Y-90 16.1 3,940 1 25x10° 1 1 |0.0000404 | 0.00985
Ru-106 2.70 30.2 1 0.00025 1 1 | 0.000675 | 0.00755
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Material at Risk® Airborne Leak | SourceTerm (curies)
Blanket Driver Damage | Release |Respirable| Path
Accident | sotope (curies) (curies) Ratio Fraction | Fraction | Factor | Blanket Driver
Beyond-design- | Rh-106 2.70 30.2 1 2.5 x 10° 1 1 |6.75x10°| 0.0000755
basis earthquake [ cg-113m | 0.0142 0.928 1 2.5x 10° 1 1 |356x10%] 232x10°
and metd firein — —
the Fud Sb-125 0.462 59.2 1 2.5x 10 1 1 [1.15x10°] 0.000148
Conditioning Te125M | 0.190 24.6 1 2.5 x 10° 1 1 [4.76x 107 | 0.0000615
Facility argon 1-129 [0.0000288] 0.00147 1 1 1 1 |0.0000288 | 0.00147
cell (cont'd) Cs134 | 0268 352 1 0.00025 1 1 | 0.000067 | 0.00880
Cs-137 34.6 4,420 1 0.00025 1 1 0.00865 1.10
Ba-137M 32.8 4,180 1 2.5x 10° 1 1 | o.000082 | 0.0105
Ce-144 1.25 59.2 1 2.5 x 10° 1 1 [3.14x10°] 0.000148
Pr-144 1.25 59.2 1 2.5 x 10° 1 1 [3.14x10°] 0.000148
Pm-147 8.14 1,650 1 2.5 x 10° 1 1 [0.0000204 | 0.00413
Sm-151 2.00 107 1 2.5x 10° 1 1 [5.00x10°] 0.000267
Eu-154 0.147 11.3 1 2.5 x 10° 1 1 |[3.67x107| 0.0000284
Eu-155 0.962 76.2 1 2.5 x 10° 1 1 [241x10°] 0.000191
Th-228 [3.10x 10°[ 0.00103 1 2.5x10° 1 1 [7.75x10%] 257 x 10°
Np-237 [0.0000266] 0.808 1 2.5x10° 1 1 |[6.65x10™] 2.02 x 10°
U-234 [0.0000754| 0.0262 1 2.5x 10° 1 1 [1.89x10™] 6.55 x 10°®
U-235 [0.0000848| 0.0242 1 2.5x 10° 1 1 [212x10™] 6.05x 10®
U-236 | 0.00654 | 0.00222 1 2.5x 10° 1 1 [1.64x10%] 555 10°
U-238 [2.60 x 10°[ 0.00578 1 2.5x 10° 1 1 [6.50x10%2] 1.45x 10°®
Pu-238 0.188 3.32 1 2.5 x 10° 1 1 [470x107] 8.30 x 10°
Pu-239 15.1 5.38 1 2.5 x 10° 1 1 [0.0000377 | 0.0000135
Pu-240 1.04 0.182 1 2.5 x 10° 1 1 [259x10°] 4.56 x 107
Pu-241 4.20 0.444 1 2.5 x 10° 1 1 [0.0000105 | 1.11 x 10°
Am-241 | 0326 | 0.00782 1 2.5x 10° 1 1 [8.15x107] 1.96 x 10®
Am-242M | 0.00338 |6.62 x 10° 1 2.5 x 10° 1 1 |[8.45x10°]1.66 x 10
Beyond-design- Sr-90 4490 | 245,000 1 40x10° | 08 1 0.0144 0.784
basis earthquake [ y.go 4,490 | 245,000 1 40x10°| 08 1 0.0144 0.784
:Sﬁ“ﬁ%iﬁtel 1120 | 0.00801 | 0.0917 1 0.0004 0.8 1 [2.56x10° | 0.0000293
Conditioning Cs-134 74.5 2,190 1 0.0004 0.8 1 0.0238 0.701
Facility Cs-137 9,620 | 274,000 1 0.0004 0.8 1 3.08 87.8
Ba137M | 9,120 | 260,000 1 40x10°] 08 1 0.0292 0.831
Ce-144 349 3,680 1 40x10°] 08 1 0.00112 | 0.0118
Pr-144 349 3,680 1 40x10°] 08 1 0.00112 | 0.0118
Pm-147 | 2260 | 103,000 1 40x10°] 08 1 0.00723 0.329
Sm-151 556 6,640 1 40x10° | 08 1 0.00178 | 0.0212
Eu-154 40.8 707 1 40x10°] 08 1 | 0000131 | 0.00226
Eu-155 267 4,740 1 40x10°] 08 1 | o.000854 | 0.0152
Th-228 [ 0.000862 | 0.0639 1 40x10°] 08 1 [276x10°] 2.05x 107
Np-237 | 0.0465 0.359 1 40x10°] 08 1 [149x107[ 1.15x 10°
Pu-238 49.8 468 1 40x10°] 08 1 | 0000159 | 0.0015
Pu-239 4,000 756 1 40x10°] 08 1 00128 | 0.00242
Pu-240 274 25.7 1 40x10° | 08 1 | 0.000877 | 0.0000822
Pu-241 1,110 62.5 1 40x10° | 08 1 0.00355 | 0.0002
Am-241 90.6 0.486 1 40x10°] 08 1 | 0.000290 | 1.55x 10°
Am-242M | 0.940 | 0.000412 1 40x10° [ 0.8 1 [3.01x10°] 1.32x 10°
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Material at Risk® Airborne Leak | SourceTerm (curies)
Blanket Driver Damage | Release |Respirable| Path
Accident | sotope (curies) (curies) Ratio Fraction | Fraction | Factor | Blanket Driver
Beyond-design-
basisearthquake | 1.3 2.64 62 1 1 1 1 2.64 62
and stored fuel : :
assembly
cladding failure Kr-85 19.1 953 1 1 1 1 19.1 953

& Radionuclide Inventory from Appendix D.

Accident ScenarioDescriptionsfor M elt and Dilute Pr ocessing—Themelt and dilute processwoul d occur
inthe Hot Fuel Examination Facility hot cell at ANL-W. Two melt and dilute process options are considered
for ANL-W: (1) cleaning blanket spent nuclear fuel (removing metallic sodium), and (2) cleaning blanket and
driver (to the extent possible) spent nuclear fuel (see Appendix C for more details). Sufficient steel would
be added to both process optionsto form an aloy with acomposition of 50 percent each of uranium and steel.
Both optionswould occur at atemperature range of about 1,400 °C (2,550 °F). For analysis purposes, it was
assumed that, on average, 120 batches of melt and dilute processing could be performed per year, considering
an 80 percent availability and a three-batches-per-week operation. Each batch would process about
60 kilograms (132 pounds) of heavy metal of blanket spent nuclear fuel or about 16 kilograms (35 pounds)
of driver spent nuclear fuel (diluted with depleted uranium to a 60-kilogram-equivalent [132-pound-
equivalent] heavy metal). Thiswould lead to eight years of operations for processing blanket spent nuclear
fuel and two yearsof processingfor driver spent nuclear fuel. Prior to the melt and dilute process, the sodium-
bonded spent fuel elementswould be cut into segments. The segmented fuel elementswould be heated to a
temperature above the 200 °C (392 °F) melting point of sodium and the molten sodium would be drained into
acollectiontank. Thetemperature of thisbulk sodiumwould beraisedto 690 °C (1,274 °F), to volatilize the
cesium and separate it from the sodium (see Appendix C for amore detailed description of this process).

Table F9identifiesalist of accident scenarios that were considered to be applicable to the melt and dilute
process as proposed at ANL-W. These scenarios are based on the analysis of the melt and dilute process
provided in the SRS Spent Nuclear Fuel Management Final EIS (DOE 2000). The accident scenarios and the
corresponding source terms have been modified to reflect the specifics associated with the design of the Hot
Fuel Examination Facility, the characteristics of the fuel type being processed, the material at risk, and the
related release fractions.

Table F-9 Selected Accident Scenariosfor Melt and Dilute Processing at ANL-W

Scenario Frequency (per year)
Nuclear criticality 0.0003
Cask drop 0.01
Waste handling accident 0.0024
Sodium fire® 0.008
Aircraft crash 6x107to1x 10%
Design-basis earthquake 0.008

@ This event is evaluated as being a direct consequence of the design-basis earthquake.

Each accident scenario description sets the condition of the accident and provides a summary of the material
involved. The following paragraphs provide a summary of the accidents analyzed, the materia at risk, and
thereleasefactorsfor the EBR-I1 blanket and driver spent nuclear fuel (the Fermi-1 blanket spent nuclear fuel
has avery low radioactive inventory).
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Nuclear criticality—A criticality accident could result from the processing of multiple batches (double
batching) of fissile material in the melter. This accident was considered for the driver spent nuclear fuel
only. The criticality was assumed to consist of 5 x 10" fissions (a solid criticality fission yield)
(DOE 2000). The Hot Fuel Examination Facility structure would not be compromised and its ventilation
system would be expected to continue to function after a criticality event. Procedural controls would be
used to prevent such an accident. Therefore, such an accident would be the result of a combination of
human errors, as all criticality controls are designed to meet double contingency requirements. The Hot
Fuel Examination Facility Safety Analysis Report identifiesacriticality event asan incredible event with
an assigned frequency of lessthan 1 x 10 per year (ANL 1998b). However, this Safety Analysis Report
does not specifically address melt and dilute operations. A criticality event for the SRS melt and dilute
process has been addressed (DOE 2000) and, for consistency among alternatives, this analysis has been
adapted. Based on the assumption of approximately 120 batches of melt and dil ute operations per year and
asimilar frequency analysis for this type of accident at SRS, the expected frequency of this event was
estimated to be 0.0003 per year for the melt and dilute operations at ANL-W. The material at risk and
release fractions are provided in Table F-10. The damage ratio and leak path factor for the volatile,
gaseous fission products were assumed conservatively to be 1. A respirable fraction value of 1 also was
used. The airborne release fraction values range from 0.5 to 0.05 (DOE 1994b).

Table F-10 M€t and Dilute Process M aterial at Risk and Release Fraction Valuesfor a Nuclear

Criticality Event at ANL-W

Material at Risk Damage Airborne Release | Respirable Leak Path Source Term
| sotope Curies Ratio Fraction Fraction Factor (curies)
Br-83 4.90 1 0.05 1 1 0.25
Br-84 16.3 1 0.05 1 1 0.82
Kr-83M 1.50 1 0.5 1 1 0.75
Kr-85M 7.2 1 0.5 1 1 3.6
Kr-87 32.8 1 0.5 1 1 17
Kr-88 329 1 0.5 1 1 17
Kr-89 1820 1 0.5 1 1 910
Te-129 2.70 1 0.07 1 1 0.19
Te-131 575 1 0.07 1 1 4.0
Te-131M 0.320 1 0.07 1 1 0.022
Te-132 1.60 1 0.07 1 1 0.11
Te-133 25.7 1 0.07 1 1 18
Te-133M 30.3 1 0.07 1 1 21
Te-134 90.5 1 0.07 1 1 6.3
[-131 0.212 1 0.05 1 1 0.011
1-132 0.855 1 0.05 1 1 0.043
1-133 6.80 1 0.05 1 1 0.34
1-134 98.0 1 0.05 1 1 4.9
[-135 22.1 1 0.05 1 1 11
Xe-133 0.026 1 0.5 1 1 0.013
Xe-135 2.61 1 0.5 1 1 13
Xe-135M 239 1 0.5 1 1 0.12
Xe-137 1940 1 0.5 1 1 0.097
Xe-138 665 1 0.5 1 1 0.033

e Cask drop—This event is similar to the cask drop event analyzed for the electrometallurgical treatment

process. Spent nuclear fuel casks would be handled frequently when the sodium-bonded fuel is treated
using the melt and dilute process. (Spent nuclear fuel handling at the ANL-W siteis not limited to that
associated with the treatment of the sodium-bonded spent nuclear fuel. The accident discussed hereis
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intended to address only that portion of the handling activity that can be directly attributed to the treatment
of sodium-bonded spent nuclear fuel.) Theaccident involvesadropped cask during loading or unloading,
seal failure, and spent nuclear fuel cladding failure sufficient to release gaseous and volatile fission
products to the atmosphere, and is the same as previously described for the cask drop accident for the
electrometallurgical treatment process. The material at risk and release fraction values are provided in
Table F4. (See the accident description for more detail.)

» Waste handling accident—The filters used in the melt and dilute off-gas exhaust system must be cleaned
periodically and the resultant liquid waste disposed of. Decontamination of the filters was assumed to be
performed after 10 batches are processed. Therefore, it was assumed that after processing 600 kilograms
(1,320 pounds) of heavy metal of blanket spent nuclear fuel or 160 kilograms (352 pounds) of heavy metal
of driver spent nuclear fuel, thefilterswould be decontaminated. 1t was postulated that aspill would occur
during the transfer of the decontaminated liquid from one container to another. The event frequency is
estimated at 0.0024 events per year (WSRC 1998a). The material at risk is from the fission products
rel eased during the melting processand collected on thefilters. Thisincludesfission productswith boiling
points at or below 1400 °C (2,550 °F) and some metal oxides that can be expected to form during the
heating process (WSRC 1998b). A damage ratio of 0.5 was assumed to account for the spilling of half of
the material during the accident. Airborne release fraction and respirable fraction values of 0.0002 and
0.5, respectively, were chosen for the material based on the release of material from aqueous spills
(DOE 1994b). The spill was assumed to occur in an area not provided with a filtration system and,
therefore, the leak path factor is 1. The materia at risk, release fractions, and curies released for this
accident for both EBR-11 blanket and driver spent nuclear fuel are presented in Table F-11.

TableF-11 Melt and Dilute Process M aterial at Risk and Release Fraction Valuesfor a Waste
Handling Accident at ANL -W

Material At Risk * Airborne Leak Source Term (curies)
Blanket Driver Damage Release | Respirable Path
| sotope (curies) (curies) Ratio® Fraction Fraction Factor Blanket Driver
Sr-90 484.2 31520 0.5 0.0002 0.5 1 0.024 1.58
Sh-125 13.86 473.6 0.5 0.0002 0.5 1 0.00069 0.024
Te-125M 571 196.8 0.5 0.0002 0.5 1 0.00029 0.0098
1-129 0.00086 0.012 05 0.0002 0.5 1 4,32 x10® 6.0 X 107
Cs134 8.04 281.6 0.5 0.0002 0.5 1 0.000402 0.014
Cs-137 1038 35360 05 0.0002 0.5 1 0.0519 1.77
Pu-238 5.63 26.6 0.000015 0.0002 05 1 8.4 % 10° 4.0 X 108
Pu-239 451.8 43.0 0.000015 0.0002 0.5 1 6.8 X 107 6.5 % 10°®
Pu-240 31.08 15 0.000015 0.0002 0.5 1 4.7 % 10°® 2.3x%10°
Pu-241 126.0 3.6 0.000015 0.0002 0.5 1 1.9 X 107 54 x%10°
Am-241 9.78 0.063 0.000015 0.0002 0.5 1 1.5x10°® 9.5x 10"
Am-242M 0.10 0.000016 0.000015 0.0002 0.5 1 1.5x 107 2.4 %10

@ Radionuclide inventory from Appendix D.
b Damage ratio values for particulates that would not be condensed in the off-gas system include afactor of 0.00003 to account for
the fraction oxidized and released from liquid metals and captured on thefilters.

» Aircraft crash—The potential for an aircraft crash was evaluated for the Hot Fuel Examination Facility
and the Fuel Conditioning Facility as part of the evaluation of the electrometallurgical treatment process.
The discussion provided previoudly is applicable to the use of the Hot Fuel Examination Facility in the
melt and dilute process (see the discussion for the electrometallurgical treatment process earlier in this
section). It was concluded that the likelihood of an aircraft crash causing damage to the facility process
is not reasonably foreseeable; therefore, no specific analysisis needed.
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» SodiumFire—Thesodiumfireevent selected for analysiswas postul ated to occur during thefuel cleaning
(sodium removal) process for the sodium-bonded spent nuclear fuel. The event is the result of a breach
in the Hot Fuel Examination Facility cell followed by a sodium fire. This event can occur as a result of
the design-basis earthquake, which resultsin Main Cell breachesat pi ping and ventilation penetrationsand
resultsin a failure of the ventilation system. The frequency of this event is 0.008 per year (or oncein
125 years).

It has been estimated that approximately 10 percent of the cesium in the spent nuclear fuel has migrated
from the fuel region and bonded with the sodium being removed in the fuel cleaning process. Using the
radionuclide inventories provided in Appendix D for the EBR-II driver and radial blanket spent nuclear
fuel and the Fermi-1 blanket spent nuclear fuel, it was estimated that atotal of 670 curies of cesium-134
and 76,000 curies of cesium-137 would be entrained within the sodium. Assuming that as much as one-
half of the sodiumisaccumulated within the collection tank prior to processing to remove cesiumfromthe
sodium, the material at risk for the sodium fire would be 340 curies of cesium-134 and 38,000 curies of
cesium-137. The release fractions selected for this accident are a damage ratio of 1, an airborne release
fraction and arespirable fraction each of 0.00025, and aleak path factor of 0.125. The airborne release
fraction and respirable fraction value is the same as that used for cesium release from ametal firein the
design-basis seismic event analysis. Theleak path factor is the value used for the Hot Fuel Examination
Facility during adesign-basis seismic event. Thetotal quantity of cesiumreleased (sourceterm) asaresult
of thisaccident is0.011 curies of cesium-134 and 1.2 curies of cesium-137. The cesium source termfrom
sodium in driver fuel is0.0095 curies of cesium-134 and 1.14 curies of cesium-137.

» Design-basis earthquake—This is the same accident that was developed for the design-basis earthquake
for the electrometallurgical treatment process at the Hot Fuel Examination Facility. The equipment
availability and damage were assumed to be the same when the facility is used for the melt and dilute
processaswhenitisusedfor theelectrometallurgical treatment process. Consistent with thefacility safety
analysis report, the ventilation system was assumed to have failed, creating a leak path factor of 0.125.
The freguency of this event is 0.008 per year (or oncein 125 years).

The damageratio, airborne release fraction, respirablefraction, and leak path factor arethe sameasfor the
electrometallurgical treatment process design-basis earthquake, with afew exceptions. Because the melt
and dilute process at ANL-W operates at an elevated temperature of about 1,400 °C (2,550 °F), some
fission products would boil off during the process and enter the off-gas control system. The airborne
releasefractionfor thesevolatilized fission product materials, e.g., strontium, antimony, cesium, tellurium,
and iodine, isset at 1 (DOE 1994b). In addition, even though some of these materials could have been
condensed and removed from the off-gas system at the time of the accident, it was assumed conservatively
that all of these materials would be volatilized upon initiation of the accident. However, credit is taken
for the condensation of these gases as they pass through the structures on the release path. These gases
will cool fromtheir initial release temperatures asthey passthrough therelatively cooler structures of the
Hot Fuel Examination Facility. A factor of 0.5 wasused for each structure, resultingin an airbornerelease
fraction value (representing the fraction released to the atmosphere from the cell atmosphere) of 0.125.
Gaseous krypton and tritium (H-3) were not considered here, since they were assumed to have been
released to the environment during the fuel cleaning process. The source terms and release fractions are
provided in Table F-12.
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Table F-=12 M€t and Dilute Process Material at Risk and Release Fraction Valuesfor a Design-
Basis Earthquake at ANL-W

Material At Risk # Airborne Leak Source Term (curies)
Blanket Driver Damage Release Respirable Path

| sotope (curies) (curies) Ratio Fraction Fraction Factor Blanket Driver
Co-60 0.95 7.70 1 4.0 x 10° 0.8 0.125 3.8x 107 3.1x 10°
Sr-90 48.4 3152 1 0.125 1 0.125 0.76 49
Y-90 48.4 3152 1 4.0 X 10° 0.8 0.125 0.000019 0.0013
Ru-106 8.1 24.16 1 4.0 % 10° 0.8 0.125 32x10° 9.8 % 10°
Rh-106 8.1 24.16 1 4.0 % 10° 0.8 0.125 32x10° 9.8 % 10°
Cd-113M 0.043 0.74 1 4.0 % 10° 0.8 0.125 1.7 x 10°® 3.0%107
Sh-125 1.39 47.36 1 0.125 1 0.125 0.022 0.74
Te-125M 0.57 19.68 1 0.125 1 0.125 0.0089 0.31
1-129 0.000086 0.0012 1 0.125 1 0.125 1.3 x 10° 0.000019
Cs-134 0.80 28.16 1 0.125 1 0.125 0.013 0.44
Cs-137 103.8 3536.0 1 0.125 1 0.125 1.6 55
Ba-137M 98.4 3344.0 1 4.0 X 10° 0.8 0.125 0.000039 0.0013
Ce-144 3.76 47.36 1 4.0 X 10°® 0.8 0.125 1.5 X 10° 0.000019
Pr-144 3.76 47.36 1 4.0 %X 10° 0.8 0.125 1.5 X 10° 0.000019
Pm-147 24.4 1321.6 1 4.0 X 10° 0.8 0.125 0.8 X 10 0.00053
Sm-151 6.0 85.44 1 4.0 %X 10° 0.8 0.125 2.4 % 10° 0.000034
Eu-154 0.44 9.07 1 4.0 % 10° 0.8 0.125 1.8 x 107 3.6x10°
Eu-155 2.89 60.96 1 4.0 X 10° 0.8 0.125 1.2 X 10° 0.000024
Pu-238 0.56 2.66 1 4.0 % 10° 0.8 0.125 22%x107 1.1 x 10°
PU-239 45.18 4.30 1 4.0 X 10° 0.8 0.125 0.000018 1.7 X 10
Pu-240 311 0.15 1 4.0 % 10° 0.8 0.125 1.2 x 10° 6.0 x 10°®
Pu-241 12.6 0.36 1 4.0 % 10° 0.8 0.125 5.0 X 10° 1.4 x 107
Am-241 0.98 0.0063 1 4.0 %X 10° 0.8 0.125 3.9 107 2.5 X 10°
Am-242M 0.010 1.6 X 10° 1 4.0 X 10° 0.8 0.125 40x10° | 64x10"

&  The material at risk isthe content in one batch: 60 kilograms of heavy metal of blanket fuel or 16 kilograms of heavy metal of
driver fuel. Radionuclide inventory from Appendix D.

F.2.2.1.3 Accident Scenario Descriptionsand Source Termsat SRS

Accident Scenario Descriptions for Plutonium-Uranium Extraction (PUREX) Processing—The
following facilities would be used to store or process sodium-bonded spent nuclear fuel at SRS: F-Canyon,
FB-Line, and the plutonium storagefacility. The F-Canyon, FB-Line, and plutonium storage facility are part
of the Building 221-F (or F-Canyon) structure. Shipments of the declad and cleaned blanket spent nuclear
fuel cannot be received directly at the F-Canyon facility. The facility is not equipped to handle the
transportation casks being used. The shipments would be received at the L-Reactor disassembly basin,
transferred to casks suitable for shipment to F-Canyon, and then moved to F-Canyon. The PUREX process
can be used to separate the plutonium from the blanket spent nuclear fuel pins. In the PUREX process, the
declad and cleaned blanket spent nuclear fuel would be dissolved in the F-Canyon dissolvers, and fission
products would be separated from uranium and plutonium. The plutonium solution then would be pumped
tothe FB-Linefor purification and solidification. The depleted uranium solution would be pumpedto A-Line
tanks for storage and future processing into depleted uranium oxides.

The accident scenarios, identified in Table F—13 and defined in the following paragraphs, are applicable to
the processing facilities asawhole (i.e., F-Canyon and FB-Line). Transfer and storage accidents also were
considered for the analysis of F-Canyon-related activities. The sodium-bonded spent nuclear fuel would be
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declad and cleaned prior to shipment from ANL-W. This process results in the release of gasesin the gap
between the fuel and cladding (see Appendix E, Section E.4), the dominant radionuclides considered during
the analysis of transfer (fuel and cask drop) accidents. Therefore, the accidents were not quantified.
Accidentsassoci ated with storage of the sodium-bonded spent nuclear fuel and storage of the process products
(plutonium and various waste forms) were assessed as having no additional impacts beyond those associated
with the process-related accidents.

Table F-13 Selected Accident Scenariosfor PUREX Processing at SRS

Scenario Freguency (per year)
Explosion: ion exchange column 0.0001
Nuclear criticality 2 0.0001
Fire 0.000061
Earthquake (design-basis earthquake) 0.00013
Aircraft crash lessthan 107

a

Only plutonium criticalitieswere evaluated. Thepotential for an americium criticality was considered but dismissed because of the
limited americium mass and purity.

Explosion—An explosionin anion exchange columnin the FB-Linewas postul ated to result from astrong
exothermic reaction between nitric acid and the baseresin in the cation (or anion) exchange column during
plutonium solution exchange. This would result in a thermally induced pressure failure of the ion
exchange vessel, and the resulting shrapnel would damage the product run tank and the product hold tank
for thision exchange pair. The explosionwould breach the hot cell confinement. The plutoniuminnitrite
solutionin the run and hold tankswould spill onto the cabinet floor and boil dueto asubsequent resinfire.
Based on the assumptions that the column was at its maximum load before the explosion and that the
maximum quantity of liquid at the maximum allowable concentration was present, the estimated rel ease
of plutonium through the sand filter and the stack was cal cul ated to be 0.241 grams. No other sourceterm
isapplicabletothe FB-Lineaccident. Processing inthe F-Canyonwould removeall other fission products
before the plutonium is processed in the FB-Line (DOE 1993b). The frequency of such an event is
estimated to be 0.0001 per year.

Fire—Inthe F-Canyon Safety Analysis Report, amaximum fire was postulated to occur in the plutonium
recycle process. The frequency of such afire was estimated at 0.000061 per year (WSRC 1994). The
accident was assumed to burn the contents of the largest tank. The material at risk is 86,700 kilograms
(191,000 pounds) of solution. The airborne release fraction and respirabl e fraction were each estimated
to be 0.01 (DOE 1994b). Theairborne materials would pass through a sand filter, with aleak path factor
of 0.005, before entering the atmosphere. The maximum recycle fire in the F-Canyon would result in the
bounding source term (Table F-14 gives the source terms). Fire in the FB-Line would result in
consequences that are several times lower than those from the F-Canyon fire.

Nuclear criticality—A plutonium solution criticality was postulated. Thenuclear criticality was assumed
to consist of aninitial burst of 1 x 10 fissionsin 0.5 seconds, followed at 10-minuteintervalsfor the next
8 hours by bursts of 2 x 10" fissions, for atotal of 1 x 10" fissions, as specified in the U.S. Nuclear
Regulatory Commission’s Regulatory Guide 3.35 (NRC 1979) and NUREG-1320 (NRC 1988) and in the
DOE-HDBK-3010-Y R report (DOE 1994b). The 10" fission yield was based on the assumptionsthat the
solution criticality occurred in a tank with a minimum volume of 3,785 liters (1,000 gallons) and that
approximately 100 liters (26 gallons) of this volume evaporated due to heat released during the fission
process. Based on the data provided in the DOE Safety Survey Report (DOE 1993c), a 10* criticality
event in the FB-Line process would result in the bounding source term (Table F-15 gives the source
terms). The frequency of such an event was estimated to be 0.0001 per year.
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Table F-14 Maximum Fire Source Terms

| sotope Source Term (curies)

Sr-90 15
Ru-106 12
Ce-144 36
U-234 3.0%x 107
U-235 4.8 X 10°
U-236 4.9 % 10°
U-238 0.00044
Pu-238 0.19
Pu-239 16
Pu-240 0.36
Pu-241 4.2
Pu-242 0.000053
Am-241 0.32

Source:  WSRC 1994.

Table F-15 Criticality Source Termsfor 10*° Fissionsin Plutonium Solution

Radioactivity (curies) 2
30 Minutesto Airborne Release | Leak Path Source Term

| sotope 0to 30 Minutes 8 Hours Total Fraction ® Factor © (curies)
Kr-83m 15 95 110 1 1 110
Kr-85m 9.9 61 70.9 1 1 70.9
Kr-85 0.00012 0.00072 0.00084 1 1 0.00084
Kr-87 60 370 430 1 1 430
Kr-88 32 200 232 1 1 232
Kr-89 1,800 11,000 12,800 1 1 12,800
Xe-131m 0.014 0.086 0.1 1 1 0.1
Xe-133m 0.31 1.9 221 1 1 221
Xe-133 3.8 23 26.8 1 1 26.8
Xe-135m 460 2,800 3,260 1 1 3,260
Xe-135 57 350 407 1 1 407
Xe-137 6,900 42,000 48,900 1 1 48,900
Xe-138 1,500 9,500 11,000 1 1 11,000
1-131 15 9.5 11 0.25 1 2.75
1-132 170 1,000 1,170 0.25 1 293
1-133 22 140 162 0.25 1 405
1-134 600 3,700 4,300 0.25 1 1,075
1-135 63 390 453 0.25 1 113
Pu-238 ©¢ 3.6 0.0005 0.005 9.0 x 10°
Pu-239 ¢4 170 0.0005 0.005 0.00043
Pu-240 ¢ 39 0.0005 0.005 0.0001
Pu-241 ¢ 2,400 0.0005 0.005 0.006
Pu-242 ¢ 0.003 0.0005 0.005 7.50 x 10°

T o

a o

Regulatory Guide 3.35 (NRC 1979).
Airborne release fractions are equal to 1 for noble gases, 0.25 for iodine, and 0.0005 for plutonium; all particles were assumed to

bein the respirable range (i.e., respirable fraction = 1).
Plutonium in 100 liters of solution.

This plutonium was assumed to be rel eased to the atmosphere through ahigh-efficiency particulate air filter (e.g., SRS ssand filter)

with a0.995 efficiency. The plutonium values are the maximum solution concentration in the FB-Line (DOE 1993b).
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Earthquake—Recent analyses of earthquake hazards at F-Canyon indicate that a 0.24 g peak ground
acceleration-level earthquake—with areturn period of 8,000 years (or afrequency of 0.000125 per year)
for the F-Canyon facility—could damage the structure and cause localized interior failures as well as
interior and exterior wall cracks (DOE 1996b). Previous analyses of earthquake hazards at F-Canyon
estimated the consequences of such an earthquake magnitude with a higher frequency of
occurrences—0.0002 per year (DOE 1995b and WSRC 1994). Using the assumptions in the F-Canyon
Facility Safety Analysis Report (WSRC 1994), a bounding source term was devel oped for an earthquake
accident (Table F-16 gives the F-Canyon source terms). Given an earthquake, it was assumed that the
plutonium contentsin all the processes (F-Canyon and FB-Line) would be spilled on the canyon floor. It
was assumed further that the airborne material would enter the environment through the building cracks,
which areformed by theloss of sealant between the sections because of differential motion of the section,
with a penetration leak path factor of 0.10. For the FB-Line, the material at risk was assumed to be
2,000 grams (4.4 pounds) of plutoniumin amolten metal form and 2,000 grams (4.4 pounds) of plutonium
inaliquidform. Theairbornereleasefraction multiplied by therespirablefractionis0.0022 for the molten
metal form and 0.000047 for the liquid form, including both the initial and resuspended airborne release
fraction multiplied by respirablefraction values. Thisresultsinan FB-Lineearthquake sourceterm of 0.45
grams of plutonium released to the environment.

Table F-=16 Maximum Earthquake Source Terms

| sotope Source Term (curies) | sotope Source Term (curies)
Sr-90 0.086 Pu-239 0.092
Ru-106 70.1 Pu-240 0.021
Ce-144 2.05 Pu-241 0.24
Cs-137 0.0029 Pu-242 3.87 x 10°®
Eu-154 0.017 Am-241 0.0092
Np-237 2.92 x 10% Am-242m 0.000032
Np-239 0.0058 Am-243 0.0031
U-234 2.06 x 107 Cm-244 0.33
U-235 2.79x 107 Cm-245 0.000027
U-236 2.81x 107 Cm-246 0.000042
U-238 0.000025 Cm-247 2.05 x 10
Pu-238 0.015 — -

Source:  WSRC 1994.

» Aircraft crash—TheF-Canyonfacility islocated morethan 40 kilometers (25 miles) away fromany major

airport; therefore, no takeoff or landing crash accidents need to be considered. The crashes that could
occur in flight need to be considered. According to the DOE Standard on aircraft crash anaysis
(DOE 1996c), the expected crash frequency for the site is approximately 0.00052 per square kilometer
(0.0002 per square mile) per year from general aviation; 1.56 x 10° and 5.18 x 10° per square kilometer
(6 x 107 and 2 x 10°® per square mile) per year from air carrier and air taxies, respectively; and 2.59 x 10
and 1.56 x 10°° per square kilometer (1 x 107 and 6 x 107 per square mil€e) per year from large military and
small military aircraft, respectively. Using the building dimensions and the data provided in the DOE
Standard for aircraft crash analysis, an upper-bound frequency for an aircraft crash into the canyon
buildingswas estimated to be 4.6 x 10° and 1.5 x 107 per year for general aviation and commuter (air taxi)
aircraft, respectively. Thesevalueswere calculated without considering any site-specific effects (e.g., the
topography and building structures around the facility). Considering the available skid distance of
60 meters (200 feet) that an aircraft could skid before hitting the building, the frequency of an air taxi
crashing into the building would be less than 10® per year. When only crashes that directly hit the
structurewere considered, general aviation aircraft would have the only estimated crash frequency greater
than 107 per year. The F-Canyon building is a maximum-resistant construction structure designed to
withstand apressureof 47.9 kilopascal (1,000 pounds per squarefoot). Therefore, crashesof small aircraft
(helicopter or a small observation/security aircraft) into these buildings are not expected to damage the
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buildings. If a general aviation aircraft were to crash into the buildings, its consequences (both in
magnitude and frequency) would be smaller than that hypothesized for a design-basis earthquake.

Accident ScenarioDescriptionsfor theM elt and DilutePr ocess—Thefollowing accidentswere considered
for themelt and dilute option, when performed at Building 105-L (after recel pt of the declad and cleaned spent
nuclear fuel at the L-Reactor Disassembly Basin), as proposed in the SRS Spent Nuclear Fuel Management
Final EIS (DOE 2000). In this process, the declad and cleaned blanket spent nuclear fuel, along with
aluminum metal, would be heated to approximately 1,000 °C (1,830 °F) to form an aloy of 30 percent
uranium and 70 percent aluminum, and would be cast asingots. The heating process would remove some of
the radionuclides found in the spent nuclear fuel. The analysis assumed a batch size of 60 kilograms (132
pounds) of heavy metal, whichisthebatch sizelimit for this processwhen performed in Building 105-L. This
would lead to three years of operations to melt and dilute the blanket fuel. The radionuclide content of an
EBR-II radial blanket spent nuclear fuel batch was used conservatively to represent the radionuclide content
of all blanket spent nuclear fuel. The accident scenarios identified in Table F-17, and described in the
following paragraphs, are applicabl eto the melt and dilute processing of the blanket spent nuclear fuel in SRS
Building 105-L. Accidents associated with the onsite transfer and storage of the declad and cleaned spent
nuclear fuel were consideredfor analysis. Asintheaccident analysisfor the PUREX process, these accidents
were not quantified. Accidents associated with the transfer and storage of the spent nuclear fuel and diluted
waste forms were assessed as having no additional impacts beyond those analyzed for process-related
accidents.

Table F-17 Selected Accident Scenariosfor M elt and Dilute Processing at SRS Building 105-L

Scenario Freguency (per year)
Melter eruption/explosion ® 0.0005
Waste handling spill 0.0064
Loss of electric power 0.006
Fire 0.075
Design-basis earthquake Not applicable®

2 Inthedraft EIS, thisaccident wasidentified as“loss of cooling water.” Consistent with the SRS Spent Nuclear Fuel Management
Final EIS (DOE 2000), the accident name was changed.

®  Building 105-L and the melt and dilute components are expected to remain functioning after adesign-basis earthquake. The most
significant impact of thisevent would be apotential loss of offsite power. The consequences of an earthquake up to adesign-basis
level thereby would be bounded by theloss-of-power event. Theloss-of-power event hasahigher frequency than thedesign-basis
earthquake and is used in place of the design-basis earthquake.

» Melter eruption/explosion—T he postul ated melter eruption/explosion event could result from a buildup
or addition of impurities to the metal melt. Impurities range from water (causing a steam explosion) to
chemical contaminants (possible high-temperature exothermic reactions). Asaresult of thereactioninthe
metal melt, molten material would be g ected from the melter into the processing structure. Cooling water
pipeswithin the process areacould be ruptured as aresult of contact with the gjected material. Shouldthis
occur, the water rel eased would be converted to steam, resulting in an overpressurization of the enclosure
that would be expected to overwhelm the exhaust fans, causing a failure of the exhaust system and an
unfiltered release. Although some damage to the exhaust system is expected, there would be insufficient
energy in the explosion to damage the facility structure. The melter eruption was assumed to occur with
acoincident failure of the high-efficiency particulateair filtration system. Thefrequency of thisevent has
been estimated to be bound by a value of 0.0005 per year (DOE 2000).

The material at risk was estimated conservatively to be the full radionuclide content of one melt batch.
The metal melt eruption/explosion was assumed to affect all the material in the melter, resulting in a
damageratio of 1 for all material. The airborne release fraction and respirable fraction values were each
estimated to be 0.001 for all airborne particulates except cesium, which was estimated to be 0.2 (WSRC
2000, DOE 2000). After such an accident, the particulates would be released in the building and the
ventilation fan would draw the airborne particul atesto the building stack. Sincetheventilation systemwas
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assumed to havefailed, the leak path factor was assumed to be 1, allowing al the airborne particulatesto
enter theenvironment through thebuilding stack. Thematerial at risk and rel easefractionsare summarized
in Table F-18.

Table F-18 M€t and Dilute Process M aterial At Risk and Release Fraction Valuesfor a Melter
Eruption/Explosion at Building 105-L

Material at Damage Airborne Release Respirable Leak Path Source Term

| sotope Risk (curies) Ratio Fraction Fraction Factor (curies)
Sr-90 48.4 1.0 0.001 1.0 1.0 0.048
Y-90 48.4 1.0 0.001 1.0 1.0 0.048
Ru-106 8.1 1.0 0.001 1.0 1.0 0.0081
Rh-106 8.1 1.0 0.001 1.0 1.0 0.0081
Cd-113M 0.0427 1.0 0.001 1.0 1.0 0.00043
Sh-125 1.39 1.0 0.001 1.0 1.0 0.0014
Te-125M 0.571 1.0 0.081 1.0 1.0 0.0057
1-129 0.000086 1.0 1 1.0 1.0 0.000086
Cs134 0.804 1.0 0.2 1.0 1.0 0.1608
Cs137 104 1.0 0.2 1.0 1.0 20.8
Ba-137M 98.4 1.0 0.001 1.0 1.0 0.0984
Ce-144 3.76 1.0 0.001 1.0 1.0 0.00376
Pr-144 3.76 1.0 0.001 1.0 1.0 0.00376
Pm-147 24.4 1.0 0.001 1.0 1.0 0.0244
Sm-151 6 1.0 0.001 1.0 1.0 0.006
Eu-154 0.44 1.0 0.001 1.0 1.0 0.00044
Eu-155 2.89 1.0 0.001 1.0 1.0 0.00289
Th-228 9.30 x 10°® 1.0 0.001 1.0 1.0 9.3x10°
U-234 0.00008 1.0 0.001 1.0 1.0 8 x 108
U-235 0.000226 1.0 0.001 1.0 1.0 2.26 x 107
U-236 0.000254 1.0 0.001 1.0 1.0 2.54 x 107
U-238 0.0196 1.0 0.001 1.0 1.0 1.96 x 10°
Np-237 7.80 x 10°® 1.0 0.001 1.0 1.0 7.80 x 10°
Pu-238 0.563 1.0 0.001 1.0 1.0 0.000563
Pu-239 45.2 1.0 0.001 1.0 1.0 0.0452
Pu-240 3.11 1.0 0.001 1.0 1.0 0.00311
Pu-241 12.6 1.0 0.001 1.0 1.0 0.0126
Am-241 0.978 1.0 0.001 1.0 1.0 0.000978
Am-242M 0.0101 1.0 0.001 1.0 1.0 0.000101

» Waste handling accident—The filters used in the melt and dilute off-gas exhaust system must be

periodically cleaned and the resultant liquid waste disposed of. Decontamination of the filters was
assumed to be performed after 10 batches are processed. Therefore, it was assumed that after processing
600 kilograms (1,320 pounds) of heavy metal of blanket spent nuclear fuel, the filters would be
decontaminated. It was postulated that aspill would occur during thetransfer of the decontaminant liquid
from one container to another. The event frequency is estimated at 0.0024 per year (DOE 2000). The
material at risk isfromthefission productsrel eased during the melting processand collected on thefilters.
Thisincludesfission productswith boiling pointsat or below 1,000 °C (1,830 °F) and some metal oxides
that can be expected to form during the heating process (WSRC 1998b). A damage ratio of 0.5 was
assumed to account for the spilling of half of the material during the accident. Airborne release fraction
and respirable fraction values of 0.0002 and 0.5, respectively, were chosen for the material based on the
release of material from aqueous spills (DOE 1994b). The spill was assumed to occur in an area not
provided with afiltration system and, therefore, the leak path factor is 1. The material at risk, release
fractions, and curies released for this accident for EBR-1I blanket spent nuclear fuel are presented in
Table F-19.
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Table F-19 M€t and Dilute Process M aterial At Risk and Release Fraction Valuesfor a Waste
Handling Accident at Building 105-L

Material at Damage Airborne Release Respirable Leak Path Source Term
| sotope Risk Ratio ? Fraction Fraction Factor (curies)

Te-125M 5.71 0.5 0.0002 0.5 1 0.000286
1-129 0.000864 0.5 0.0002 0.5 1 4.32 x 10°®
Cs-134 8.04 0.5 0.0002 0.5 1 0.000402
Cs-137 1040 0.5 0.0002 0.5 1 0.052
Pu-238 5.63 0.000015 0.0002 0.5 1 8.45 x 10°
Pu-239 452 0.000015 0.0002 0.5 1 6.78 x 107
Pu-240 311 0.000015 0.0002 0.5 1 4.67 x 10°®
Pu-241 126 0.000015 0.0002 0.5 1 1.89 x 107
Am-241 9.78 0.000015 0.0002 0.5 1 1.47 x 108
Am-242M 0.101 0.000015 0.0002 0.5 1 1.52 x 10™°

& Damage ratios for neptunium, plutonium, and americium include an airborne release fraction value of 0.00003 to account for the
fraction released from liquid metals and captured on the filters.

» Loss of offsite power—The loss of offsite power, with the subsequent failure of the onsite power supply,
would result in the failure of the off-gas system, and a potential unfiltered rel ease path to the environment.
The probability of this combination of events was conservatively estimated at 0.006 per year
(WSRC 1998a). The materia at risk was assumed to be the volatile radionuclide inventory of one
processing batch of material (approximately 60 kilograms [132 pounds] of heavy metal). Additionally,
someamount of radioactive metallic and metal lic oxide dusts could be generated and rel eased during al oss-
of -power event. Theairbornerel easefraction and respirablefraction valuesfor the gaseousfission products
were each assumed to be 1, whilethe metallic dust rel easefractions at elevated temperaturesarean airborne
release fraction of 0.00003 and a respirable fraction of 0.04 (DOE 1994b). A leak path factor of 0.5 has
been used for all material to account for possible plate-out during migration of material out of theprocessing
area. Thematerial at risk and release fraction values are summarized in Table F-20.

Table F—20 Melt and Dilute Process Material At Risk and Release Fraction Valuesfor a L oss-of-
Power Event at Building 105-L

Material at Damage Airborne Release | Respirable Leak Path Source Term

| sotope Risk Ratio Fraction Fraction Factor (curies)
Te-125M 0.571 1 1 1 0.5 0.0286
1-129 0.000086 1 1 1 0.5 0.0000432
Cs134 0.804 1 1 1 0.5 0.0402
Cs-137 104 1 1 1 0.5 52
Pu-238 0.563 1 0.00003 0.04 0.5 3.38x 107
Pu-239 45.2 1 0.00003 0.04 0.5 0.0000271
Pu-240 311 1 0.00003 0.04 0.5 1.87 x 10°
Pu-241 12.6 1 0.00003 0.04 0.5 7.56 x 10°®
Am-241 0.978 1 0.00003 0.04 0.5 5.87 x 107
Am-242M 0.0101 1 0.00003 0.04 0.5 6.06 x 10°

 Areafire—Firesin Building 105-L havethe potentia to release material from the chemical decontaminate
solution and the off-gas filters and baffles, and have the potential to affect the ventilation and filtration
system, resulting in the rel ease modeled for the loss-of-power event. The fire selected for analysis would
result in the failure of the waste container and would rel ease some of the decontaminate solution. Thisfire
would havethe potential to release more material than afirethat impactsthe off-gasfiltersand baffles. The
frequency of afirein Building 105-L, based on site-wide fire data for SRS, is 0.075 fires per year. This
frequency has been conservatively used asthe frequency of afire that impactsthe chemical decontaminate
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solution. The material at risk would be the same asfor the waste handling accident—the vol atile gasesand
metallic and metallic oxide dust that would result from processing 10 batches of material inthe melter. All
meaterial in the waste container would be at risk and the damage ratio was assumed to be 1. Boiling of a
shallow pool of agueous solution would result in bounding airborne rel ease fraction and respirable fraction
valuesof 0.002 and 1, respectively (DOE 1994b). No credit wastaken for any reduction dueto theleak path
factor (i.e., aleak path factor of 1 was used). Table F-21 summarizes the material at risk and release
fractions for this accident scenario.

Table F—21 Me€lt and Dilute Process M aterial At Risk and Release Fraction Valuesfor an Area Fire
at Building 105-L

Material at Damage Airborne Release Respirable Leak Path Source Term

| sotope Risk Ratio Fraction Fraction Factor (curies)
Te-125M 571 1 0.002 1 1 0.0114
1-129 0.00086 1 0.002 1 1 1.73x10°®
Cs134 8.04 1 0.002 1 1 0.0161
Cs137 1040 1 0.002 1 1 2.08
Pu-238 5.63 0.00003 0.002 1 1 3.38 x 107
Pu-239 452 0.00003 0.002 1 1 0.0000271
Pu-240 31.1 0.00003 0.002 1 1 1.87 x 10°®
Pu-241 126 0.00003 0.002 1 1 7.56 x 10°®
Am-241 9.78 0.00003 0.002 1 1 5.87 x 107
Am-242M 0.101 0.00003 0.002 1 1 6.06 x 10°

F.2.2.2 Consequencesand Risk Calculations

Oncethe sourceterm for each accident scenario is determined, the radiol ogical consequences are calcul ated.
The calculations vary depending on how the release is dispersed, what material is involved, and which
receptor is being considered. Risks are calculated based on the accident’ s frequency and its consequences.
Therisks also are stated in terms of additional cancer fatalities resulting from arelease, using a conversion
factor of 0.0005 latent cancer fatalities per person-rem for members of the public and 0.0004 latent cancer
fatalities per person-rem for workers.

Radiological consequencestofour different receptorswereeval uated: amaximally exposed offsiteindividual
(anindividual member of the public), the general population, anoninvolved worker, and aninvolved (facility)
worker. The consequences to the facility workers were qualitatively evaluated. For the other receptors,
guantitative estimates of consequences were made. Two types of dispersion conditions were considered—
95" percentile and 50" percentile meteorological conditions. The 50" percentile condition represents the
median meteorological condition and is defined asthat for which more severe conditions occur 50 percent of
the time. The 95" percentile condition represents relatively low-probability meteorological conditions that
produce higher calculated exposures; it is defined as that condition not exceeded more than 5 percent of the
time. Both dispersion conditions were modeled using the GENII program, which determines the desired
condition from the site-specific meteorological data in the form of a joint frequency distribution. Joint
frequency data are usually produced from at least three consecutive years of site weather data in terms of
percentage of timethat the wind blowsin specific directions (e.g., south, south-southwest, southwest) for the
given midpoint (or average) wind speed class and atmospheric stability.

Radiological consequencesto areceptor froman accident inthe FB-Linewere estimated based on acal cul ated
50-year committed dose factor (dose factor) resulting from releases of 1 gram of plutonium with an isotopic
distribution associated with the EBR-11 blanket spent nuclear fuel (Table F—22). Thiswas done because the
FB-Line processes only plutonium already separated in the F-Canyon.
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Thevaluesgivenin thistable represent the maximum doseto the receptor and were obtained using the GENI|
program.

Table F—22 Receptors Dose Factorsfor Accidental Releases of 1 Gram of Plutonium From an
Accident Initiated in the FB-Line

95" Percentile 50" Percentile
Receptor Meteorological Condition Meteorological Condition
Maximally exposed offsite Elevated release 0.027 Not applicable
individual (rem) Ground release 0.13 Not applicable
) Elevated release 1500 220
Population (person-rem)
Ground release 5000 270
Elevated release Not applicable 0.080
Noninvolved worker (rem) ki I
Ground release Not applicable 2

Conseguences to involved workers were qualitatively assessed. This approach was used for two reasons:
first, no adegquate method exists for cal culating meaningful consequences at or near the location where the
accident could occur. Second, safety assurancefor workersisdemonstrated by both theworkers' trainingand
by the establishment of an Occupational Safety and Health Admini stration process saf ety management system
(29 CFR 1910.119), theeval uationsrequired by such asystem, and the productsderived from such eval uations
(e.g., procedures, programs, emergency plans).

The consequences to the involved worker, presented in Tables F-23 and F-24, are accident-dependent and
site-specific. Infacilitieswheretheinvolved worker activitiesinclude remote operations, the consequences
of accidents would be lower than in facilities where the workers are near the process. The following
paragraphs summarize the various potential consequences to the involved workers from the hypothesized
accidents at different sites. Additionally, a limited number of fatalities could occur in an indirect or
secondary manner—for example, the involved worker could be killed by an earthquake or explosion.

Table F-23 Involved Worker Conseguences From Various Hypothesized Accidents
Accident Consequences

Explosion (ion |Could potentially result in fatal injuries (nonradiological) to the involved worker (SRS only).
exchange)

Criticality Could potentially result in afatal dose to the involved worker. (Worker location outside cells, e.g., outside the
argon cell at ANL-W, provides worker protection.)
Fire No fatality is expected; some workers could inhal e the dispersed radioactive materials before using a respirator

and leaving the area.
Earthquake No fatality is expected.

Spill Involved workers could inhale the dispersed radioactive materials before using arespirator and leaving the
area.

Table F—24 Involved Worker Summary

Accident Description Number of Workers at Number of Workers
SRS—PUREX Process F-Canyon and FB-Line at ANL-W
Earthquake 47 50
Explosion, ion exchange column 16 Not applicable
Nuclear criticality 16 15
Fire 16 4
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» Explosion—An explosion could result in serious, evenfatal, injuriesto involved workersfrom the accident
itself. Some of the involved workers could inhale the dispersed radioactive material before using their
respirators and evacuating the area. No fatality is expected from the radiological consequences.

» Fire—Involved workers could inhale some radioactive material before evacuating the area. No fatality is
expected from the radiological consequences.

» Spill—Depending onthelocation of thespill, nearby workerscouldinhal etheairborneradioactive materials
before evacuating the area. Involved workers normally would be wearing respirators when handling the
radioactive material containers. No fatality is expected to result from such an accident.

 Earthquake—Involved workerscouldreceivelethal injuriesfromtheaccident itself. Nofatality isexpected
from radiological consequences.

» Aircraft Crash—Consequences similar to those of an earthquake could result from the accident.

« Criticality—Involved workers could receive substantial, or potentially fatal, doses from prompt neutrons
and gammarays emitted from the first pulse. After theinitial pulse, the workers would evacuate the area
immediately on the initiation of the criticality monitoring alarms.

Analysis Conservatism and Uncertainty

To assist in evaluating the impacts of the processing options at SRS and ANL-W on a common basis, a
spectrum of generic accidents was postul ated for each process location. The accident scenarios were based
on similar accidents documented in various site documents. When required, accident assumptions were
modified to enable comparison between the sites. In cases where similar accidents were evaluated in Site-
specific documents, the more conservative analysisassumptionswere usedfor all sitesto normalizetheresults
for the purpose of comparison. The following accident analysis parameters have a major impact on accident
consequence estimates (i.e., the doses to workers and the public): weather conditions existing at the time of
the accident, the material at risk, the isotopic breakdown of the material at risk, and the source term rel eased
to the environment.

Weather conditions assumed at the time of the accident have a large impact on dose estimates. Accident
impacts to the public (both the maximally exposed offsite individual and the population) presented in this
appendix were estimated using both 95" percentile and median 50" percentile weather conditions. The
impacts presented in the body of the EIS are based on the 50™ percentile weather conditionsfor the population
dose (NRC 1976) and 95" percentile weather conditions (NRC 1983) for the maximally exposed offsite
individual dose (which provides conservative maximally exposed offsite individual dose estimates). The
GENII computer codewas used to cal cul ate dosesto the public within 80 kilometers (50 miles) of the accident
release point. The code calculatesthe public dosein each of 16 sectors centered at the accident release point.
The GENII computer code al so assumes that the total source termis released into each sector and that there
is no change in the weather (i.e., wind direction, wind speed, and stability class) while the accident plumeis
traversing the 80-kilometer sector. The use of the 95" percentile weather data rather than the expected or
median 50" percentile weather data was considered to be unrealistic for estimating the population dose.
Meteorological conditions used in the analysis are based on measured weather data at the site. The
95" percentile represents a very stable site meteorological condition, which cannot be expected to be
applicable for awide area up to 80 kilometers from the site. Therefore, the 50" percentile, which represents
amore neutral weather condition, is more representative of expected weather conditions over awide area.

Uncertainties in accident frequencies do not impact the accident consequences, but do impact accident risk.
The sitef/facility-specific accident frequencies (i.e., earthquake-induced building damage and aircraft crash)
were based on data provided by the sites. Process-specific accident frequencies were estimated based on
analyses provided in site-specific documentation. In cases where similar accidents were evaluated in site-
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specific documents, the more conservative accident frequency was used for all sitesto normalize the results
for the purpose of comparison.

Dueto thelayersof conservatism built into the accident analysisfor the spectrum of postul ated accidents, the
estimated consequencesand risksto the public represent the upper limit for theindividual classesof accidents.
The uncertainties associated with the accident frequency estimates are enveloped by the analysis
conservatism.

F.2.3 Accident Analyses Consequences and Risk Results
F.2.3.1 NoAction Alternative

Under the No Action Alternative, the sodium-bonded spent nuclear fuel would not be treated (no sodium
would be removed from the interior of the fuel elements) except for stabilization activities that may be
necessary for continued safe and secure storage until 2035 or until anew treatment technology is devel oped.
Under the Electrometallurgical Treatment Research and Demonstration Project, approximately 0.4 metrictons
of heavy metal of EBR-II driver spent nuclear fuel and 1.2 metric tons of heavy metal of blanket spent nuclear
fuel were processed. This EIS evaluates the impacts associated with activities required to clean up and
stabilize any residual waste materials generated during the demonstration project at ANL-W. In addition, at
the compl etion of the project, any remaining sodium-bonded spent nuclear fuel inthe processfacilitieswould
be packaged and transferred to dry storage in the Radioactive Scrap and Waste Facility. Spent nuclear fuel
transfer activities and waste processing activities would be completed in about two years after equipment
instalation. Some of the spent nuclear fuel handling and processing accidents identified under Alternative
1 are applicableto the No Action Alternative. TablesF-25 and F-26 provide the dose calculation results for
the design-basis and beyond-design-basis earthquakes for stabilizing the residual waste. The results for the
remaining accidents considered for the No Action Alternative (the salt powder spill in the Hot Fuel
Examination Facility, the cask drop, and the transuranic waste fire) are provided in the discussion of
“Alternative 1: Electrometallurgically Treat Blanket and Driver Fuel at ANL-W.” Consequence and risk
results are provided for the maximally exposed offsite individual, a noninvolved worker, and the general
population. The accident assumptions and parameters used in developing these results are provided in
Section F.2.2 of thisappendix. EBR-II driver spent nuclear fuel characteristics (radionuclide compositions),
which bound the consequences, were used to represent the consequences and risks during stabilization of
waste for the demonstration project for the No Action Alternative. The transuranic waste fire accident was
analyzed using a generic transuranic waste package composition.

Table F—25 Summary of Dose Calculation Resultsfor the Design-Basis Earthquake (Driver)

95" Percentile Meteorology 50" Percentile Meteorology
Frequency Average Noninvolved | Population | Average
(event per MEI Population | Individual MEI Worker (person- | Individual
Accident year) Risk (millirem) | (person-rem) | (millirem) | (millirem) | (millirem) rem) (millirem)
Design- 0.008 Dose 12 52 0.63 0.64 4.7 14 0.017
basis per
earthquake event
Dose 0.095 0.42 0.005 0.0051 0.038 0.011 0.00014
per year
LCFper | 4.8x10% 0.00021 25x10° | 2.6 x10° 15x10% 56x10° | 6.8x10°
year

MEI = Maximally Exposed Offsite Individual, LCF = Latent Cancer Fatality

F-31




Final Environmental Impact Satement for the Treatment and Management of Sodium-Bonded Spent Nuclear Fuel

Table F—26 Summary of Dose Calculation Resultsfor the Beyond-Design-Basis Earthquake
(Driver)

95™ Percentile M eteorology 50" Percentile M eteorology
Fregquency Average Noninvolved | Population | Average
(event per MEI Population | Individual MEI Worker (person- | Individual
Accident year) Risk (millirem) | (person-rem) | (millirem) | (millirem) | (millirem) rem) (millirem)
Beyond- 0.00001 Dose
design- per
basis event 96 42 51 51 37 11 0.13
earthquake ®
pg?{sez 0.00096 0.00042 0.000051 | 0.000051 0.00037 0.00011 1.3x10°
LCF per
year 4.8 x 10" 2.1x107 26x10™" [ 26x10" [ 15x107% 55x10% | 6.5x10"

MEI = Maximally Exposed Offsite Individual, LCF = Latent Cancer Fatality.
2 During stabilization of the demonstration project waste, only the Hot Fuel Examination Facility salt powder spill would be applicable.

F.2.3.2 Alternativel: Electrometallurgically Treat Blanket and Driver Fuel at ANL-W

Theprocessing technology considered for thisalternative consistssolely of the el ectrometallurgical treatment
processing of the sodium-bonded spent nuclear fuel at ANL-W, using the Fuel Conditioning Facility and the
Hot Fuel Examination Facility. Tables F-27 through F-37 provide the dose calculation results for the
electrometallurgical treatment-related accidents at ANL-W. Consequence and risk results are provided for
the maximally exposed offsite individual, a noninvolved worker, and the general population. The accident
assumptions and parameters used in developing these results are provided in Section F.2.2 of this appendix.
EBR-II driver and blanket spent nuclear fuel characteristics(radionuclide compositions) were used to devel op
the consequence andrisk factorsfor all driver and blanket spent nuclear assembly fuel. Thetransuranic waste
fireaccident wasanalyzed using ageneric transuranic waste package composition, rather than either ablanket
or driver spent nuclear fuel-specific composition.

Table F—27 Summary of Dose Calculation Resultsfor a Salt Powder Spill (Driver)

95™ Percentile M eteorology 50" Percentile Meteorology
Frequenc Population Average Noninvolved | Population Average
y (event MEI (person- Individual MEI Worker (person- I ndividual
Accident | per year) Risk | (millirem) rem) (millirem) | (millirem) | (millirem) rem) (millirem)
Hot Fuel 0.01 Dose
Examination per 0.00046 0.0026 0.000031 | 0.000046 | 4.7 x 107 0.000098 1.2x10°
Facility salt event
powder spill
Dose | 46x 10 [ 0.000026 3.1x107 | 46x107 | 4.7x10° 9.8 x 107 1.2x 108
per year
LCFper |23x 10| 13x10% | 1.6x10% [23x10® | 19x10% | 49x10% | 59x10™
year

MEI = Maximally Exposed Offsite Individual, LCF = Latent Cancer Fatdlity.

F-32




Appendix F — Evaluation of Human Health Effects from Facility Accidents

Table F—28 Summary of Dose Calculation Results for a Salt Powder Spill (Blanket)

95™ Percentile M eteorology

50" Percentile Meteorology

Frequency Population | Average Noninvolved Average
(event per MEI (person- | Individual MEI Worker Population | Individual
Accident year) Risk | (millirem) rem) (millirem) | (millirem) | (millirem) | (person-rem) | (millirem)
Hot Fuel 0.01 Dose
Examination per 0.00015 0.00088 0.000011 | 0.000015 1.3x10° 0.000033 4.0 x 107
Facility salt event
powder spill
Dose 1.5x10° | 88x10° | 1.1x107 | 1.5x 107 1.3x10°8 3.3x107 4.0x10°
per year
LCFper |7.5x 10| 44x10° |55x10™ | 75x10™ 53x 10" 1.7 x 10" 2.0x 10"
year
MEI = Maximally Exposed Offsite Individual, LCF = Latent Cancer Fatdlity.
Table F—29 Summary of Dose Calculation Resultsfor a Cask Drop (Driver)
95" Percentile Meteorology 50" Percentile Meteorology
Frequency Population Average MEI Noninvolved | Population Average
(event per MEI (person- Individual | (millirem Worker (person- I ndividual
Accident year) Risk | (millirem) rem) (millirem) ) (millirem) rem) (millirem)
Caskcdrop | 001 [ Doseper | 03 0.14 00017 | 00016 | 000084 | 00035 | 0.000042
D‘;Seeafer 0.0003 0.0014 0.000017 |0.000016 | 8.4x10° | 0000035 | 4.2x107
LCFper [15x10% | 7.0x107 85x 10" |8.0 % 10| 3.4x10% 1.7x 108 21x 10"
year
MEI = Maximally Exposed Offsite Individual, LCF = Latent Cancer Fatality.
Table F-30 Summary of Dose Calculation Resultsfor a Cask Drop (Blanket)
95" Percentile Meteorology 50" Percentile Meteorology
Frequency Population | Average Noninvolved | Population Average
(event per MEI (person- | Individual MEI Worker (person- I ndividual
Accident year) Risk | (millirem) rem) (millirem) | (millirem) | (millirem) rem) (millirem)
Cask drop 0.01 Dose
per 0.0024 0.011 0.00013 0.00013 0.000049 0.00028 3.4 x10°
event
Dose 0.000024 0.00011 1.3x10° | 1.3x10° 49x 107 2.8 x 10° 3.4x10%
per year
LCFper | 1.2x 10" | 55x10® [65%x10% | 65x 102 | 20x10% 1.4x10° 1.7x10%
year

MEI = Maximally Exposed Offsite Individual, LCF = Latent Cancer Fatality.

Table F=31 Summary of Dose Calculation Resultsfor a Single-Container Transuranic Waste Fire

95" Percentile Meteorology

50" Percentile Meteorology

Frequency Population | Average Noninvolved | Population Average
(event per MEI (person- Individual MEI Worker (person- I ndividual
Accident year) Risk [ (millirem) rem) (millirem) | (millirem) | (millirem) rem) (millirem)
Transurani | - 0.001 [ Doseper | 4 o5g 0.27 00033 | 0.0032 0.22 00071 | 0.000085
c waste event
fire
D;Zper 0.000059 | 0.00027 | 33x10° [32x10°| 000022 | 7.1x10° | 85x10°
LCFper [3.0x10™| 14x107 | 1.6x10% |1.6x10"| 88x 10" 36x10° | 43x10%
year

MEI = Maximally Exposed Offsite Individual, LCF = Latent Cancer Fatality.
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Table F-32 Summary of Dose Calculation Resultsfor a Design-Basis Earthquake (Driver)

95" Percentile Meteorology 50" Percentile Meteorology
Frequency MEI Population Average Noninvolved | Population | Average
(event per (millirem |  (person- Individual MEI Worker (person- | Individual
Accident year) Risk ) rem) (millirem) | (millirem) | (millirem) rem) (millirem)
Design- 0.0002 Dose per
basis (Multi- avent 13 70 0.84 0.95 47 2.8 0.034
earthquake facility Dose per
event) year 0.0026 0.014 0.00017 0.00019 0.00084 0.00056 6.8 x 10°
LCFper [1.3x10°| 7.0x10° 84x 10" [95x10" | 3.8x10% | 28x107 | 3.4x10%
year
0.008 Dose per
(HFEF) event 12 52 0.63 0.64 4.7 14 0.017
D‘if;fer 0.095 0.42 0.0050 0.0051 0.037 0.011 0.00013
LCF per |4.8x10°® 0.00021 2.5x10° 2.6 x 10° 1.5x 108 5.6x10° | 6.6 x 10
year

MEI = Maximally Exposed Offsite Individual, HFEF = Hot Fuel Examination Facility, LCF = Latent Cancer Fatality.

Table F-33 Summary of Dose Calculation Resultsfor a Design-Basis Earthquake (Blanket)

95" Percentile Meteorology 50" Percentile Meteorology
Frequency Population | Average Noninvolved | Population | Average
(event per MEI (person- | Individual MEI Worker (person- | Individual
Accident year) Risk (millirem) rem) (millirem) | (millirem) (millirem) rem) (millirem)
Design- 0.0002 Dose per
basis (Multi- avent 4.1 18 0.22 0.23 14 0.49 0.006
earthquake | facility  "poseper [ 0.00081 | 0.0036 | 0.000044 | 0.000046 |  0.0027 0.00010 [1.2x10°
event) year
LCFper [41x10%9°|18x10° [ 22x10" | 23x10" | 1.1x10° | 49x10® [6.0x10%®
year
0.008 Dose per
(HFEP) avent 4.0 18 0.21 0.22 14 0.47 0.0057
D‘;S;Eef 0.032 0.14 0.0017 0.0018 0.11 0.0038 | 0.000045
LCFper | 1.6 x 10® [ 0.000072 | 8.6 x 10 | 8.8x10™ | 4.5x10*® 1.9x10° |23 x10™M
year
MEI = Maximally Exposed Offsite Individual, HFEF = Hot Fuel Examination Facility, LCF = Latent Cancer Fatality.
Table F=34 Summary of Dose Calculation Resultsfor a Salt Transfer Drop (Driver)
95" Percentile Meteorology 50™ Percentile Meteorology
Frequency MEI Average Noninvolved | Population | Average
(event per (millirem | Population I ndividual MEI Worker (person- I ndividual
Accident year) Risk ) (person-rem) | (millirem) | (millirem) | (millirem) rem) (millirem)
Salt 1.0x 107 Dose
transfer per 0.19 0.84 0.01 0.01 0.073 0.022 0.00026
drop event
Dose -8 -8 -9 9 9 -9 11
per year 19x10 8.4 x 10 1.0x10 1.0x10 7.3x10 2.2x10 26x10
LCF per | 9.5% 10| 4.2x10M 50x10% [50x10% | 29x10% 1.1x10% | 1.3x 10"
year

MEI = Maximally Exposed Offsite Individual, LCF = Latent Cancer Fatality.
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Table F-35 Summar

of Dose Calculation Resultsfor a Salt Transfer Drop (Blanket)

95" Percentile Meteorology 50" Percentile Meteorology
Frequency MEI Population Average Noninvolved | Population | Average
(event per (millirem |  (person- Individual MEI Worker (person- | Individual
Accident year) Risk ) rem) (millirem) | (millirem) | (millirem) rem) (millirem)
Salt 1.0x 107 | Dose per
transfer avent 0.065 0.29 0.0035 0.0036 0.22 0.0077 0.000092
drop
D‘)’f;fer 65%x10°| 29x10° | 35x10%° [36x10®| 22x10° |7.7x10% | 9.2x10®
LCFper [33%10 [ 1.5x10™ | 1.8x10™ |1.8x10" | 88x10%™ |39x10" | 4.6x10"
year

MEI = Maximally Exposed Offsite Individual, LCF = Latent Cancer Fatdlity.

Table F-36 Summary of Dose Calculation Resultsfor a Beyond-Design-Basis Earthquake (Driver)

95" Percentile Meteorology 50" Percentile Meteorology
Frequency MEI Population Average Noninvolved Average
(event per (millirem | (person- Individual MEI Worker Population | Individual
Accident year) Risk ) rem) (millirem) | (millirem) | (millirem) [ (person-rem) | (millirem)
Beyond- 0.00001 Dose
design- per 22,000 97,000 1,200 1,200 370 2,500 31
basis event
earthquake Dose
per 0.22 0.97 0.012 0.012 0.0037 0.025 0.00031
year
LCFper [22x107 | 0.00049 59x10° |6.0x10° | 15x10° 0.000013 1.5x 107
year

MEI = Maximally Exposed Offsite Individual, LCF = Latent Cancer Fatality.

Table F-37 Summary of Dose Calculation Resultsfor a Beyond-Design-Basis Earthquake (Blanket)

95" Percentile Meteorology 50" Percentile Meteorology
Frequency MEI Population Average Noninvolved | Population | Average
(event per (millirem | (person- I ndividual MEI Worker (person- | Individual
Accident year) Risk ) rem) (millirem) | (millirem) | (millirem) rem) (millirem)
Beyond- 0.00001 | Dose per
design- avent 930 4,200 51 50 560 110 13
basis Dose per
earthquake year 0.0093 0.042 0.00051 0.00050 0.0056 0.0011 0.000013
LCFper |4.7x10°| 0.000021 25x10%° |25%x10%° | 23x10° 55x 107 6.5 x 10%
year

MEI = Maximally Exposed Offsite Individual, LCF = Latent Cancer Fatdlity.

F.2.3.3 Alternative 2. Clean and Package Blanket Fuel in High-Integrity Cans and Electrometal-
lurgically Treat Driver Fuel at ANL-W

The processing technology considered for this alternative consists of cleaning the sodium from blanket spent
nuclear fuel and packaging the cleaned blanket spent nuclear fuel in high-integrity cans. The sodium-bonded
driver spent nuclear fuel would be processed using the electrometallurgical treatment process. The dose
calculation results for this combination of processes at ANL-W are found in Section F.2.3.2 for driver spent
nuclear fuel and in F.2.3.4 for blanket spent nuclear fuel. All of the electrometallurgical treatment accidents
for the driver spent nuclear fuel are applicableto thisprocess. For the blanket spent nuclear fuel, the sodium
fire and the cask handling accident are applicable. The accident assumptions and parameters used in
devel oping these results are provided in Section F.2.2 of thisappendix. EBR-1I driver spent nuclear fuel and
blanket spent nuclear fuel characteristics (radionuclide compositions) were used to devel op the consequence
and risk factors for all driver and blanket spent nuclear assembly fuel.
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F.2.3.4 Alternative3: Declad and Clean Blanket Fuel and Electrometallurgically Treat Driver Fuel
at ANL-W; PUREX Process Blanket Fuel at SRS

The processing technology considered for this alternative consists of decladding and cleaning the sodium-
bonded blanket spent nuclear fuel at the Hot Fuel Examination Facility at ANL-W and shipment of this
material to SRS for PUREX processing. In this alternative, the sodium-bonded driver spent nuclear fuel
would be processed using the el ectrometal lurgical treatment processat ANL-W. Tables F-38 through F—44
provide the dose calculation results for accidents during PUREX processing at SRS and for cask drop and
sodiumfireaccidentsat ANL-W. The accident assumptions and parameters used in devel oping these results
are provided in Section F.2.2 of this appendix. EBR-II driver and blanket spent nuclear fuel characteristics
(radionuclide compositions) were used to devel op the consequence and risk factorsfor all driver and blanket
spent nuclear assembly fuel.

Conseguence and risk estimates are provided for both processing the blanket spent nuclear fuel materia at
ANL-W prior to its shipment to SRS and for processing the material at SRS. Analysisresultsfor processing
the driver spent nuclear fuel can be found in the discussion for Alternative 1 in Section F.2.3.2.

Table F-38 Summary of Dose Calculation Resultsfor an F-Canyon Fire

95" Percentile Meteorology 50" Percentile Meteorology
Frequency MEI Population Noninvolved Population
Accident | (event per year) Risk (millirem) (person-rem) Worker (millirem) (person-rem)
F-Canyon 0.000061 Dose per event 610 36,000 2,300 5,500
fire Dose per year 0.037 2.2 0.14 0.34
LCF per year 1.9 x 108 0.0011 5.6 X 108 0.00017

MEI = Maximally Exposed Offsite Individual, LCF = Latent Cancer Fatality.

Table F=39 Summary of Dose Calculation Results for an FB-Line Explosion

95" Per centile Meteorology 50" Percentile M eteorology
Frequency MEI Population Noninvolved Population
Accident (event per year) Risk (millirem) (person-rem) | Worker (millirem) (person-rem)
FB-Line 0.00010 Dose per event 6.5 360 19 53
explosion Dose per year 0.00065 0.036 0.0019 0.0053
LCFperyear | 33x10% 0.000018 7.6 X 10 2.7 X 10°

MEI = Maximally Exposed Offsite Individual, LCF = Latent Cancer Fatality.

Table F-40 Summary of Dose Calculation Results for an F-Canyon Earthquake

95" Percentile Meteorology 50" Percentile Meteorology
Frequency MEI Population | Noninvolved Worker Population
Accident (event per year) Risk (millirem) (person-rem) (millirem) (person-rem)
F-Canyon 0.00013 Dose per event 1,100 38,000 12,000 2,100
earthquake Dose per year 0.14 4.9 1.56 0.27
LCF per year 7.2 X 108 0.0025 6.2 X 107 0.00014

MEI = Maximally Exposed Offsite Individual, LCF = Latent Cancer Fatality.
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Table F-41 Summary of Dose Calculation Results for an FB-Line Earthquake

95" Percentile M eteorol ogy 50™ Percentile M eteorology
Frequency MEI Population Noninvolved Population
Accident (event per year) Risk (millirem) (person-rem) | Worker (millirem) (person-rem)
FB-Line 0.00013 Dose per event 58 2,250 900 120
earthquake Dose per year 0.0075 0.29 0.12 0.016
LCF per year 3.8 % 10° 0.00015 4.7 X 10°® 7.8 X 10°

MEI = Maximally Exposed Offsite Individual, LCF = Latent Cancer Fatality.

Table F42 Summary of Dose Calculation Results for an F-Canyon Criticality Accident

95" Per centile Meteorology 50" Percentile M eteorol ogy
Frequency MEI Population Noninvolved Population
Accident (event per year) Risk (millirem) (person-rem) | Worker (millirem) (person-rem)
F-Canyon 0.00010 Dose per event 11 380 37 59
criticality Dose per year 0.0011 0.038 0.0037 0.0059
LCF per year 5.5 X 10 0.000019 1.5 % 10° 3.0 X 10°

MEI = Maximally Exposed Offsite Individual, LCF = Latent Cancer Fatality.

Table F-43 Summary of Dose Calculation Resultsfor an ANL -W Cask Drop Accident

95" Percentile Meteorology 50" Percentile Meteorology
Frequency MEI Population Noninvolved Population
Accident (event per year) Risk (millirem) (person-rem) Worker (millirem) | (person-rem)
Cask drop 0.01 Dose per event 0.0024 0.011 0.000049 0.00028
Dose per year 0.000024 0.00011 4.9 %107 2.8 x10°
L CF per year 1.2x 101 5.5x 10°® 2.0x 10" 1.4 x 10°

MEI = Maximally Exposed Offsite Individual, LCF = Latent Cancer Fatality.

Table F-44 Summary of Dose Calculation Resultsfor an ANL -W Sodium Fire

95" Percentile Meteorology 50" Percentile Meteorology
Fregquency MEI Population Noninvolved Population
Accident (event per year) Risk (millirem) | (person-rem) Worker (millirem) (person-rem)
Sodium fire 0.008 Dose per event 59 26.3 0.054 0.69
during
decladding Dose per year 0.047 0.21 0.00043 0.0055
and cleaning LCF per year 2.4 x10°® 0.00011 1.7 x 10" 2.8 x 10°

MEI = Maximally Exposed Offsite Individual, LCF = Latent Cancer Fatality.

F.2.3.5 Alternative4: Melt and Dilute Blanket Fuel and Electrometallurgically Treat Driver Fuel at
ANL-W

The processing technol ogy considered for thisalternative consists of melting and diluting the cleaned blanket
spent nuclear fuel at the Hot Fuel Examination Facility at ANL-W. In this aternative, the sodium-bonded
driver spent nuclear fuel would be processed using the electrometallurgical treatment processat ANL-W. The
dosecalculationresultsfor thisalternativeareprovided inthissection. Theresultsfor thedriver spent nuclear
fuel are presented as part of theresultsfor Alternative 1 (Section F.2.3.2) and the resultsfor the blanket spent
nuclear fuel are presented as part of the results for Alternative 6 (Section F.2.3.7), where the results for melt
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and dilute processing of both driver and blanket spent nuclear fuel are presented. The accident assumptions
and parameters used in devel oping theseresults are provided in Section F.2.2 of thisappendix. EBR-II driver
and blanket spent nuclear fuel characteristics (radionuclide compositions) were used to develop the
consequence and risk factors for all driver and blanket spent nuclear assembly fuel.

F.2.3.6 Alternative5: Declad and Clean Blanket Fuel and Electrometallurgically Treat Driver Fuel
at ANL-W; M€t and Dilute Blanket Fuel at SRS

The processing technology considered for thisalternative consists of decladding, cleaning, and packaging the
blanket spent nuclear fuel at the Hot Fuel Examination Facility at ANL-W and shipping the packaged blanket
spent nuclear fuel to SRS for melt and dilute processing in Building 105-L. In this alternative, the sodium-
bonded driver spent nuclear fuel would be processed using the electrometallurgical treatment process at
ANL-W. Tables F-45 through F-50 provide the dose calculation results for the melt and dilute process at
SRS. Theaccident assumptionsand parameters used in developing theseresultsare provided in Section F.2.2
of this appendix. EBR-II driver and blanket spent nuclear fuel characteristics (radionuclide compositions)
were used to devel op the consequence and risk factorsfor all driver and blanket spent nuclear assembly fuel.

Conseguenceand risk estimatesare provided for both processing the blanket spent nuclear material at ANL-W
prior to its shipment to SRS, and for processing the material at SRS. Analysis results for processing driver

spent nuclear fuel can be found in the discussion for Alternative 1 in Section F.2.3.2.

Table F-45 Summary of Dose Calculation Resultsfor an L -Area Waste Handling Accident

95" Percentile Meteorology 50" Percentile Meteorology
Frequency
(event per MEI Population Noninvolved Population
Accident year) Risk (millirem) (person-rem) | Worker (millirem) (person-rem)
Waste 0.0064 Dose per event 21 42 0.17 3.6
hairl‘lo" ing Dose per year 0.013 0.27 0.0011 0.023
¥ LCF per year 6.7 x 10° 0.000014 5.5x 10" 0.000012

MEI = Maximally Exposed Offsite Individual, LCF = Latent Cancer Fatality.

Table F-46 Summary of Dose Calculation Resultsfor a Building 105-L L oss-of-Power Event
95" Per centile Meteorol ogy 50" Percentile M eteorol ogy
Frequency MEI Population Noninvolved Population
Accident (event per year) Risk (millirem) (person-rem) Worker (millirem) (person-rem)
Loss-of- 0.006 Dose per event 2,100 42,000 140 3,500
power event Dose per year 12.6 250 0.84 21
LCF per year 6.3 x 10° 0.13 3.4x 107 0.011

MEI = Maximally Exposed Offsite Individual, LCF = Latent Cancer Fatdlity.

Table F-47 Summary of Dose Calculation Resultsfor a Building 105-L M elter Eruption/Explosion

95" Per centile Meteorology 50" Percentile M eteorol ogy
Frequency MEI Population Noninvolved Population
Accident (event per year) Risk (millirem) (person-rem) | Worker (millirem) (person-rem)
Melter 0.0005 Dose per event 269 6,390 72.9 1,160
SX ‘:)F?g g;”n Dose per year 0.14 32 0.037 058
LCF per year 7.0x 10°® 0.0016 1.5x 10% 0.00029

MEI = Maximally Exposed Offsite Individual, LCF = Latent Cancer Fatdlity.
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Table F-48 Summary of Dose Calculation Resultsfor a Building 105-L Fire

95" Percentile Meteorology

50" Percentile Meteorology

Frequency MEI Population Noninvolved Population
Accident | (event per year) Risk (millirem) (person-rem) | Worker (millirem) (person-rem)
Fire 0.075 Dose per event 86 1,700 6.3 140
Dose per year 6.5 130 0.47 11
LCF per year 3.2x 10° 0.064 1.9x 107 0.0053

MEI = Maximally Exposed Offsite Individual, LCF = Latent Cancer Fatality.

Table F-49 Summary of Dose Calculation Resultsfor an ANL -W Cask Drop Accident

95" Percentile Meteorology

50" Percentile Meteorology

Frequency MEI Population Noninvolved Population
Accident (event per year) Risk (millirem) (person-rem) | Worker (millirem) (person-rem)
Cask drop 0.01 Dose per event 0.0024 0.011 0.000049 0.00028
Dose per year 0.000024 0.00011 49x 107 2.8 x10°
L CF per year 1.2x 101 5.5x 10°® 2.0x 10" 1.4 x 10°

MEI = Maximally Exposed Offsite Individual, LCF = Latent Cancer Fatality.

Table F-50 Summary of Dose Calculation Resultsfor an ANL -W Sodium Fire

95" Percentile Meteorology 50" Percentile Meteorology
Frequency MEI Population Noninvolved Population
Accident (event per year) Risk (millirem) (person-rem) Worker (millirem) (person-rem)
Sodium fire 0.008 Dose per event 59 26.3 0.054 0.69
during
decladding Dose per year 0.047 0.21 0.00043 0.0055
and cleaning LCF per year 2.4 x10°® 0.00011 1.7 x 10" 2.8 x10°

MEI = Maximally Exposed Offsite Individual, LCF = Latent Cancer Fatdlity.

F.2.3.7 Alternative6: Melt and Dilute Blanket and Driver Fuel at ANL-W

The processing technology considered for this alternative consists of cleaning both blanket and driver spent
nuclear fuel and melting and diluting the spent nuclear fuel at the Hot Fuel Examination Facility at ANL-W.
Tables F-51 through F-57 provide the dose calculation results for the melt and dilute process at ANL-W.
The accident assumptions and parameters used in developing these results are provided in Section F.2.2 of
thisappendix. EBR-II driver and blanket spent nuclear fuel characteristics (radionuclide compositions) were
used to devel op the consequence and risk factorsfor all driver and blanket spent nuclear assembly fuel.

Conseguence and risk estimates are provided for both the declad and clean processing and the melt and dilute
processing of the sodium-bonded spent nuclear fuel.
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Table F-51 Summary of Dose Calculation Resultsfor a Melt and Dilute Design-Basis Event

(Driver)
95" Percentile Meteorology 50" Percentile M eteorology
Frequency Population | Average MEI Noninvolved | Population | Average
(event per MEI (person- | Individual |(millirem Worker (person- | Individual
Accident year) Risk (millirem) rem) (millirem) ) (millirem) rem) (millirem)
Design-basis| 0008 | Doseper | 194505 | g9 400 1,080 | 1,080 838 2,250 27
earthquake event
(includes
sodium fire) D‘;S:afer 152 715.2 8.64 8.64 6.7 18 0.22
LCF per 0.000076 0.36 43x10° [43x10%| 2.7x10° 0.0090 1.1x107
year

MEI = Maximally Exposed Offsite Individual, LCF = Latent Cancer Fatality.

Table F-52 Summary of Dose Calculation Resultsfor a Melt and Dilute Design-Basis Event

(Blanket)
95" Percentile Meteorology 50" Percentile Meteorology
Freguency Populatio | Average Noninvolved Average
(event per MEI n (person- | Individual MEI Worker Population | Individual
Accident year) Risk (millirem) rem) (millirem) | (millirem) | (millirem) | (person-rem) | (millirem)
bD&‘.' gn- 0.008 | Doseper | 4¢ 2240 26.9 27 15.2 56.1 0.68
asis event
earthquake
(inc et D‘;Seeafer 38 17.92 0.22 0.22 0.12 0.45 0.0054
ﬁ?ﬁe")”m LCFper | LOx10° | 00090 | 1L1x107 | L1x107 | 48x10° | 000022 | 2.7x10°
year

MEI = Maximally Exposed Offsite Individual, LCF = Latent Cancer Fatality.

Table F-53 Summary of Dose Calculation Resultsfor a Melt and Dilute Waste Handling Accident

(Driver)
95" Percentile Meteorology 50" Percentile Meteorology
Frequency Average Noninvolved Average
(event per MEI Population | Individual MEI Worker Population | Individual
Accident year) Risk | (millirem) | (person-rem) | (millirem) |(millirem) | (millirem) | (person-rem) | (millirem)
Waste 0.0024 |Dose per
handling avent 597 2820 34 339 26.7 70.8 .85
accident
(liquid D‘;sga'cr’e' 1.43 6.77 0.082 0.081 0.064 0.17 0.0020
spill) LCF per | 7.2x 107 0.0034 41x10®% |4.1x108 2.6 x 108 0.000085 1.0x 10°
year

MEI - Maximally Exposed Offsite Individual, LCF = Latent Cancer Fatality.
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Table F-54 Summary of Dose Calculation Resultsfor a Melt and Dilute Waste Handling Accident

(Blanket)
95" Percentile Meteorology 50" Percentile M eteorology
Frequency Population | Average Noninvolved | Population | Average
(event per MEI (person- I ndividual MEI Worker (person- I ndividual
Accident year) Risk (millirem) rem) (millirem) | (millirem) | (millirem) rem) (millirem)
Waste 0.0024 | Doseper | 149 70.8 0.85 0.85 0.49 18 0.022
handling event
accident
(liquid D‘;f:afer 0.036 0.17 0.0020 0.0020 0.0012 00043 | 0.000053
spill) LCFper | 1L8x10° | 0.000085 | 1LOx10° | LO0x10° | 48x10®° | 22 x10° | 2.7 x 10™
year

MEI = Maximally Exposed Offsite Individual, LCF = Latent Cancer Fatality.

Table F-55 Summary of Dose Calculation Resultsfor a Melt and Dilute Criticality Accident

(Driver)
95" Percentile Meteorology 50" Percentile M eteorology
Frequency Population | Average Noninvolved | Population | Average
(event per MEI (person- I ndividual MEI Worker (person- I ndividual
Accident year) Risk (millirem) rem) (millirem) | (millirem) | (millirem) rem) (millirem)
Criicallty | 00003 | Doseper | g5 16 0.019 0.083 0.47 0085 | 10x10°
D‘)’f:af’e' 0.00016 | 0.00048 | 0.0000057 | 0.000025 | 0.00014 | 0.000026 | 3.0x 10%
‘ LCFper |80x10" | 24x107 | 29x10% |13x10™ [ 56x10™ 1.3x10® | 1.5x10%
year

MEI = Maximally Exposed Offsite Individual, LCF = Latent Cancer Fatality.

| Table F-56 Summary of Dose Calculation Resultsfor a Melt and Dilute Sodium Fire (Driver)

95" Percentile Meteorology

50" Percentile M eteorology

Frequency Population | Average Noninvolved | Population | Average
(event per MEI (person- Individual MEI Worker (person- | Individual
Accident year) Risk (millirem) rem) (millirem) | (millirem) | (millirem) rem) (millirem)
Sodium 0.008 Dose per
fire avent 282 1,260 15.2 15.6 2.59 33 0.4
D‘)’f;fef 0.23 10.08 0.12 0.12 0.021 0.26 0.0032
‘ LCFper |1.13x10° 0.0050 6.0x 10 | 6.0x10% 8.3x10° 0.00013 1.6 x 10°
year

MEI = Maximally Exposed Offsite Individual, LCF = Latent Cancer Fatality.

Table F-57 Summary of Dose Calculation Resultsfor a Melt and Dilute Sodium Fire (Blanket)

95" Percentile Meteorology

50" Percentile M eteorology

Frequenc Population | Average Noninvolved | Population | Average
y (event MEI (person- Individual MEI Worker (person- Individual
Accident | per year) Risk (millirem) rem) (millirem) | (millirem) | (millirem) rem) (millirem)
Sodium 0.008 Dose per
fire avent 59 26.3 0.32 0.33 0.054 0.69 0.0083
D‘)’f:af’e' 0.047 021 0.0026 0.0026 0.00043 0.0055 | 0.000066
‘ LCFper | 24x10°® 0.00011 1.3x10° | 1.3x10° 1.7 x 10" 2.8 x10° 3.3x10%"
year

MEI = Maximally Exposed Offsite Individual, LCF = Latent Cancer Fatality.
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F.3 IMPACTSOF HAZARDOUS CHEMICAL ACCIDENTSON HUMAN HEALTH
F.3.1 Chemical Accident Analysis Methodology

Factors such as receptor location, terrain, meteorological conditions, release conditions, and characteristics
of the chemical inventory are required as input parameters for hand calculations or computer codes to
determine human exposure from airborne rel eases of toxic chemicals. This section givesagenera narrative
about these input parameters with degrees of conservatism noted, and describes the computer models used
to perform exposure estimates. EPIcode™ isthe computer code chosen for estimating airborne concentrations
resulting from most rel eases of toxic chemicals (Homann 1988).

F.3.1.1 EPIcode™

EPlcode™ uses the well-established Gaussian Plume Model to calculate the airborne toxic chemical
concentrations at the receptor locations. The EPlcode™ library contains information on over 600 toxic
substanceslistedinthe Threshold Limit Valuesfor Chemical Substancesand Physical Agentsand Biomedical
ExposureIndices (ACGIH 1994). Thetypesof releasesthat can be model ed, and associated input parameters,
are discussed below.

Continuous release model s require specifying the source term as an ambient concentration and areleaserate.
For term releases, the user specifies the release duration and the total quantity of material released. Area
continuous and area term releases are useful in calculating the effects of a release from pools of spilled
volatile liquids. The user must enter the effective radius of the release (i.e., the radius of the circle
encompassing thespill area). Also entered isthetemperature of the pool and ambient temperatureto establish
thereleaseratefromaliquid spill. Anupwind virtual point source, whichresultsinaninitial lateral diffusion
equal to the effective radius of the area source, is used to model an area release.

By specifying arelease quantity, duration, and area, the user effectively proposes arelease rate per unit spill
area. EPIcode™ confirms that the volatility of the spilled substance can support such a release rate. If the
proposed rel ease rate exceeds the saturation conditions at the release temperature, the EPIcode™ calcul ates
alower release rate and a corresponding longer release time.

In calculating effective release height, the actual plume height may not be the physical release height (e.g.,
the stack height). Plume rise can occur because of the velocity of a stack emission and the temperature
differential between the stack effluent and the surrounding air. EPlcode™ calculates both the momentum
and buoyant plume rise and chooses the greater of the two results.

Concentrations of chemical and radiol ogical materialsare highly dependent upon the effective rel ease height
(e.0., the effective height of astack or an evaporating pool of spilled material). Thermal buoyancy wastaken
into consideration for those scenariosinvolving fire or heat sources. In those cases, atemperature of 200 °C
(392 °F) was assumed for the thermal buoyancy term. This is conservative, since expected surface
temperatures and resulting buoyancy terms are expected to be greater in actual fires or heat sources.

In this application, the standard terrain calculation of EPIcode™ isalways used. Except as otherwise noted,
both the 50" and 95™ percentile meteorological (stability class and wind speed) conditions for INEEL were
input into EPlcode™. The receptor height is always ground level (O meters) and the mixing layer height is
aways 400 meters (1,300 feet).

As described inits user manual (Homann 1988), the EPlcode™ also performs the following steps:
» Treats arelease asinstantaneous versus continuous, depending upon the plume length at the specific
downwind location being considered

» Caorrects the concentration for sampling time
» Adjuststhe wind speed for release height
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» Depletes the plume as a function of downwind distance
* Adjusts the standard deviations of the crosswind and vertical concentrations for brief releases

As output, EPIcode™ can generate data plots of mean toxic chemical concentration (during a specified
averaging time) as a function of downwind distance. From these graphs and numerical output, the
concentrations at receptor locations are determined and evaluated for health effects.

EPIcode™ was selected as the computer code for release analysis of chemicals amenable to Gaussian
modeling after comparison with a number of codes, primarily CHARM and ARCHIE. It was judged easier
to use for this simple application than either the more sophisticated, proprietary CHARM code or the
comparable, public domain ARCHIE code. The SLAB code had previously been selected by INEEL asthe
most appropriate of the refined dispersion models (such as CHARM) for modeling special casereleases, such
as dense gas dispersion, where negative buoyancy effects must be considered. However, because chemical
accident scenarios involving dispersion of denser-than-air gases were not considered in this analysis, the
SLAB model was not used. EPIcode™ was judged to be a satisfactory code for the inventory of chemicals
analyzed.

F.3.1.2 Health Effects

Hazardous constituents dispersed during an accident could induce adverse health effects among exposed
individuals. This possible impact is assessed by comparing the airborne concentrations of each substance at
specified downwind receptor locations to standard accident exposure guidelines for chemical toxicity.

Whereavailabl e, the Emergency Response Planning Guideline (ERPG) val ueswere used for thiscomparison.
The guideline values are estimates of airborne concentration thresholds above which one can reasonably
anticipate observing adverse effects. The ERPG values are specific for each substance, and are derived for
each of three general severity levels:

 ERPG-1: The maximum airborne concentration below which it is believed nearly all individuals
could be exposed for up to one hour without experiencing other than mild transient adverse health
effects or perceiving a clearly defined objectionable odor.

*  ERPG-2: The maximum airborne concentration below which it is believed nearly all individuals
could be exposed for up to one hour without experiencing or devel opingirreversibleor other serious
health effects or symptoms that could impair their abilities to take protective action.

* ERPG-3: The maximum airborne concentration below which it is believed nearly all individuals
could be exposed for up to one hour without experiencing or developing life-threatening health
effects.

Where ERPG values were not derived for atoxic substance, other chemical toxicity values were substituted,
as follows:

e For ERPG-1, threshol d-limit val ue/time-weighted averageval ues(ACGIH 1994) weresubstituted: The
time-weighted average is the concentration for anormal 8-hour workday and a 40-hour workweek, to
which nearly all workers may be repeatedly exposed, day after day, without adverse effect.

e For ERPG-2, level-of-concern values (equal to 0.1 of immediately-dangerous-to-life-or-health
values) were substituted: “level of concern” isdefined asthe concentration of ahazardous substance
in air, above which there could be seriousirreversible health effects or death as aresult of asingle
exposure for arelatively short period of time (EPA 1987).

e For ERPG-3, immediately-dangerous-to-life-or-health values were substituted: “immediately
dangerous to life or health” is defined as the maximum concentration from which a person could
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escape within 30 minutes without a respirator and without experiencing any escape-impairing or
irreversible side effects (HHS 1997).

Possible health effects associated with exceeding an ERPG-2 or -3 value are specific for each substance of
concern, and must be characterized in that context. When concentrations are found to exceed an ERPG or
substitute value, specific toxicological effects for the chemicals of concern are considered in describing
possible health effects associated with exceeding a threshold value.

The ERPG values are based upon aone-hour exposure of amember of the general population. Inthisanalysis,
the ERPG valueswere applied only to time-averaged exposures of one hour or lessin duration. Thisapproach
provides an additional element of conservatism in the evaluation of accidents with releases that are
significantly less than one hour. In instances of very short exposures to substances whose effects are
concentration-dependent (e.g., chlorine) and wheretoxicol ogical datasupport analysisat short exposuretimes,
threshold concentrations of |ethality are reported (the minimum concentration necessary to cause afatality).

F.3.2 Accident Scenario Selection and Descriptions

F.3.2.1 Toxic Chemical Accidentsat ANL-W

This section describes the nonradiological consequences of the abnormal event associated with handling
uraniumingots. Four accidents have been identified at ANL-W that have the potential to result in the release
of either uranium or uranium and cadmium. These accidents, a uranium handling accident, a design-basis
uranium fire, a design-basis earthquake, and a beyond-design-basis earthquake, are discussed bel ow.

F.3.21.1 Uranium Handling Accident

Uraniumingots (20 percent enrichment or | ess) fromtheel ectrometal lurgical treatment processaretransferred
from the Fuel Conditioning Facility to onsite storage at the Zero Power Physics Reactor Material Building
(ANLW-792). Transfersare made using aforklift or by truck. The uranium ingotsweigh about 6 kilograms
(13 pounds) each. They are stored in containers holding about 140 kilograms (310 pounds) of ingots.
Depleted uranium also is stored at ANL-W in containers holding 1,350 kilograms (3,000 pounds) of ingots.

Theaccident involves ahandling accident in which an ingot of uraniumisdropped onto ahard surface, small
particles are broken off the ingot, and the pyrophoric properties of the uranium result in ignition of the
particles. Theresulting small fireisassumed to consume 10 percent of theingot. The accident could occur
asaresult of acontainer drop during handling, adrop during inspection, or dueto an earthquake. Therelease
occurs at ground level. A handling accident resulting in the drop of a uranium ingot may be anticipated to
occur over thelife of the project (or about 1in 10 years). The conditional probability of afirethat consumes
10 percent of the dropped ingot was assumed to be 1 in 10 drops at most. The estimated frequency of the
accident is therefore 0.01 per year.

The material at risk is one 6-kilogram ingot of uranium. The damage ratio is 0.1, as it was assumed that
10 percent of the ingot would be consumed in the fire. The airborne release fraction is 0.0001, and the
respirable fraction is 1 for metal fires (DOE 1994b). The accident was assumed to occur outdoors or with
little confinement. A leak path factor of 1 was assumed. Thisinformation is summarized in Table F-58.

Table F58 Toxic Chemical Source Term for a Uranium Handling Accident

Material at Risk Airborne Release Respirable Leak Path Released
Chemical (kilograms) Damage Ratio Fraction Fraction Factor (kilograms)
Uranium 6 0.1 0.0001 1 1 0.00006
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F.3.21.2 Design-BasisUranium Fire

Uraniumingots (20 percent enrichment or | ess) fromtheel ectrometallurgical treatment processaretransferred
from the Fuel Conditioning Facility to onsite storage at the Zero Power Physics Reactor Material Building
(ANLW-792). Transfersare made using aforklift or by truck. The uranium ingotsweigh about 6 kilograms
(13 pounds) each. They are stored in containers holding about 140 kilograms (310 pounds) of ingots.
Depleted uranium also is stored at ANL-W in containers holding 1,350 kilograms (3,000 pounds) of ingots.

The accident involves a fire consuming the equivalent of one container of uranium (140 kilograms). The
accident could occur due to a handling accident, poor housekeeping in the storage area, electrical failure, or
an earthquake. The uranium isin the form of ingots that have a small surface-area-to-massratio. Uranium
is stored in metal containers that are not combustible. The postulated accident was estimated to have a
frequency of 1 x 10 per year (see the discussion of radiological accidentsin Section F.2).

The material at risk isone 140-kilogram container of uranium. The damageratioisl, asit was assumed that
all of the uranium would be consumed inthefire. Theairborne release fraction is0.0001, and the respirable
fraction is 1 for metal fires (DOE 1994b). The accident was assumed to occur outdoors or with little
confinement (e.g., an open storage facility door). A leak path factor of 1 was assumed. Thisinformationis
summarized in Table F-59.

Table F-59 Toxic Chemical Source Term for a Uranium Fire

Material at Risk Damage Airborne Release Respirable Leak Path Release
Chemical (kilograms) Ratio Fraction Fraction Factor (kilograms)
Uranium 140 1 0.0001 1 1 0.014

F.3.2.1.3 Design-Basis Earthquake—Multifacility Effects

Thisevent isthe same event as described under radiological accidents for the el ectrometallurgical treatment
of sodium-bonded spent nuclear fuel at ANL-W. The material at risk and release fraction values are
summarized in Table F-60.

Table F60 Toxic Chemical Source Term for a Design-Basis Earthquake

Material at Risk Damage | Airborne Release Respirable Leak Path Release
Chemical (kilograms) Ratio Fraction Fraction Factor (kilograms)
Uranium 17 1 25x10° 2.5x10° 1 0.000043

F.3.2.1.4 Beyond-Design-Basis Earthquake — M ultifacility Effects

This event is the same event as described under radiological accidents for electrometallurgical treatment at
ANL-W. The airborne release fraction and respirable fraction values for cadmium are each 2.5 x 10°
(Slaughterbeck et al. 1995). The material at risk and release fraction values are summarized in Table F—61.

Table F—61 Toxic Chemical Source Term for a Beyond-Design-Basis Earthquake

Material at Risk Damage Airborne Release Respirable Leak Path Release
Chemical (kilograms) Ratio Fraction Fraction Factor (kilograms)
Cadmium 1,000 1 25x10° 25x10° 1 0.0025
Uranium 17 1 25x10° 25x10° 1 0.000043
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F.3.21.5 Liquid Sodium Fire

This event is the same event as described under radiological accidents for melt and dilute processing at
ANL-W. The accident is associated with the fuel cleaning process used during the melt and dilute process
or in preparation of the fuel for shipment to SRS for processing.

The accident involves afire during the declad and clean processing of the spent nuclear fuel dueto abreach
of the Hot Fuel Examination Facility and exposure of liquid sodium to the air. The most probable cause of
air in-leakageisexpectedto bean earthquake. Asdiscussedintheradiological accident description, thisevent
was assumed to occur with afrequency of 0.008 per year. The material at risk would be the sodium cleaned
from the spent nuclear fuel and was conservatively estimated to be half of all of the sodium contained in the
spent nuclear fuel, 300 kilograms. Therelease fraction values are provided in Table F—62. The assumption
that al of the sodium would be converted to sodium hydroxide and volatilized by the fire results in the
airborne release fraction and respirable fraction values of 1 each.

Table F-62 Toxic Chemical Source Term for a Sodium Firein the Hot Fuel Examination Facility

Material at Risk Damage Airborne Respirable Leak Path Release
Chemical (kilograms) Ratio Release Fraction Fraction Factor (kilograms)
Sodium 330 1 1 1 0.125 41.3

F.3.2.2 Toxic Chemical Accidentsat SRS

The SRS Spent Nuclear Fuel Management Final EIS (DOE 2000) analyzed the consequences of accidental
releases of hazardous chemicals for operations located in F-Area. These accidents involve the spill of
materials associated with the wet storage of spent nuclear fuel in F-Area. These are generic-type accidents
that areindependent of processing cleaned and declad blanket fuel pinsat either F-Canyon or Building 105-L .
The activities associated with processing the cleaned and declad blanket spent nuclear fuel are not expected
toresult intheintroduction of additional hazardous materialsor additional accident scenarios. Therefore, the
accident scenariosidentifiedinthe SRS Spent Nuclear Fuel Management Draft EISwere sel ected to represent
the hazardous chemical accidents associated with processing sodium-bonded spent nuclear fuel.

F.3.3 Accident Analyses Consequences and Risk Results

Tables F-63 through F—67 provide the chemical risk calculation results for electrometallurgical treatment
process-related accidents at the ANL-W facility. Table F—68 reproduces the consequences from hazardous
chemical accidents at SRS, as originally developed for the SRS Spent Nuclear Fuel Management Fina EIS
(DOE 2000).

Table F-63 Summary of Toxic Chemical Exposur e Resultsfor a Uranium Handling
Accident at ANL-W

Concentration Fraction of
Receptor Location Chemical (milligrams per cubic meter) ERPG-1 ERPG-1 Value
Noninvolved worker Uranium 0.000177 0.000295 0.6 mg/m®
Maximally exposed offsite individual Uranium 1.14 x 10® 1.9x10°® 0.6 mg/m®

mg/m® = milligrams per cubic meter.
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Table F=64 Summar

of Toxic Chemical Exposure Resultsfor a Uranium Fireat ANL-W

Concentration

individual

(milligrams per cubic ERPG-1

Receptor Location Chemical meter) Fraction of ERPG-1 Value
Noninvolved worker Uranium 0.0413 0.0688 0.6 mg/m®
Maximally exposed offsite Uranium 2.7x10° 4.4x10° 0.6 mg/m®

mg/m® = milligrams per cubic meter.

Table F-65 Summary of Toxic Chemical Exposure Resultsfor a Design-Basis Earthquake

at ANL-W
Concentration
(milligrams per cubic ERPG-1
Receptor Location Chemical meter) Fraction of ERPG-1 Value

Noninvolved worker Uranium 100 meters; 1.29 x 107 100 meters; 2.15 x 107 0.6mg/m®

230 meters: 1.03 x 10° 230 meters: 1.72 x 10°®
Maximally exposed offsite . " 3 3
individual Uranium 525x 10 8.75x 10 0.6 mg/m

mg/m® = milligrams per cubic meter.

Table F-66 Summary of Toxic Chemical Exposure Resultsfor a Beyond-Design-Basis Earthquake

at ANL-W
Concentration
(milligrams per cubic ERPG-1
Receptor Location Chemical meter) Fraction of ERPG-1 Value
Noninvolved worker Cadmium 7.5x%10° 0.00025 0.03 mg/m*
Uranium 1.27 x 107 212 x 107 0.6 mg/m®
Maximally exposed offsite Cadmium 3.10 x 10°® 0.0001 0.03 mg/m*
individual Uranium 5.3 x 10°® 8.8 x 10° 0.6 mg/m?®

mg/m® = milligrams per cubic meter.

Table F-67 Summary of Toxic Chemical Exposure Resultsfor a Sodium Fire at ANL-W

Concentration

(milligrams per cubic Fraction of
Receptor Location Chemical meter) PEL-TWA PEL-TWA
Noninvolved worker Sodium 5
hydroxide 0.15 0.075 2mg/m
Maximally exposed offsite Sodium 3
individual hydroxide 0.002 0.001 2mg/m

PEL-TWA = Permissible Exposure Limits-Time-Weighted Average, mg/m?® = milligrams per cubic meter.
2 No ERPG value is available for sodium hydroxide; therefore, PEL-TWA was used instead.

F-47




Final Environmental Impact Satement for the Treatment and Management of Sodium-Bonded Spent Nuclear Fuel

Table F-68 Summary of Toxic Chemical Exposure Resultsfor a Wet Storage Container Rupture

at SRS
Frequency Fraction of
(event/year) Receptor Chemical Concentration # PEL-TWA PEL-TWA
0.005 Noninvolved worker Sodium less than b 5
hydroxide PEL-TWA N/A 2mg/m
0.005 Noninvolved worker S " 3 3
at 640 meters Nitric acid 3.1x 10° mg/m 0.00062 5 mg/m
Maximally exposed 4 3 3
offsite individual 4.0 x 10* mg/m 0.00008 5 mg/m
0.005 Noninvolved worker Sri?rlll:(ren 6.0 x 10° mg/m? 0.0012 2 2 mg/m e

PEL-TWA = Permissible Exposure Limits-Time-Weighted Average, mg/m® = milligrams per cubic meter.

& SRS Spent Nuclear Fuel Management Final EIS (DOE 2000).

® Not available — SRS Spent Nuclear Fuel EIS states that concentration only in less than the lowest PEL-TWA.

¢ NoPEL-TWA for thisspecific chemical. Lowest PEL-TWA of potential chemical reaction productsis2 milligramsper cubic meter.

Table F-69 provides a summary of the applicability of the analyzed toxic chemical accidents to each of the
aternatives considered in detail for processing the sodium-bonded spent nuclear fuel. The hazardous
chemical accidents applicable to the No Action Alternative include only those accidents associated with
operation at ANL-W. Additionally, only three of the four accidentsidentified, excluding the beyond-design-
basis earthquake, can be associated with this alternative. Accidents associated with this alternative are the
result of activities from the final processing of the sodium-bonded spent nuclear fuel treated with the
electrometallurgical treatment processaspart of the Electrometallurgical Treatment Demonstration Program.
Alternatives 2 through 5 include el ectrometallurgical treatment of at least some of the sodium-bonded spent
nuclear fuel and decladding and cleaning of blanket spent nuclear fuel; therefore, all of the identified toxic
chemical accidentsat ANL-W areapplicabletothesealternatives. Alternative lincludeselectrometallurgical
treatment of fuel, but no decladding and cleaning operations; therefore, for this alternative, all ANL-W
accidents except the sodium fire are applicable. Processing of the spent nuclear fuel at SRS occursonly in
Alternatives 3 and 5, and the accidents at SRS are applicable to these two alternatives. The accidents
identified for ANL-W are associated with the electrometallurgical treatment of the sodium-bonded spent
nuclear fuel. Alternative 6 does not include this treatment option and no other accidental releases of
hazardous chemicals were identified.
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Table F-69 Applicability of Hazar dous (Toxic) Chemical Accidentsto Sodium-Bonded Spent
Nuclear Fuel Alternatives

SRS Toxic
Alternative ANL-W Toxic Chemical Accidents Chemical Accidents

No action Uranium handling accident Not applicable

Uranium fire

Design-basis earthquake
Electrometallurgically treat blanket and driver fuel at Uranium handling accident Not applicable
ANL-W Uranium fire

Design-basis earthquake

Beyond-design-basis earthquake
Clean and package blanket fuel in high-integrity cans Alternative 1 accidents plus sodium fire | Not applicable
and electrometallurgically treat driver fuel at ANL-W
Declad and clean blanket fuel and Alternative 1 accidents plus sodium fire | Wet storage,

electrometallurgically treat driver fuel at ANL-W;
PUREX process blanket fuel at SRS

container rupture

Melt and dilute blanket fuel and electrometallurgically | Alternative 1 accidents plus sodium fire | Not applicable
treat driver fuel at ANL-W
Declad and clean blanket fuel and Alternative 1 accidents plus sodium fire | Wet storage,

electrometallurgically treat driver fuel at ANL-W; melt
and dilute blanket fuel at SRS

container rupture

Meéelt and dilute blanket and driver fuel at ANL-W

Sodium fire

Not applicable
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